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Description 

[0001] The present invention relates to a process for amplifying existing nucleic acid sequences. More specifically, 
it relates to a process for producing any particular nucleic acid sequence from a given sequence of DNA or RNA in 
amounts which are large compared to the amount initially present. The DNA or RNA may be single- or double-stranded, 
and may be a relatively pure species or a component of a mixture of nucleic acids. The process of the invention utilizes 
a repetitive reaction to accomplish the amplification of the desired nucleic acid sequence. 

[0002] For diagnostic applications in particular, the target nucleic acid sequence may be only a small portion of the 
DNA or RNA in question, so that it may be difficult to detect its presence using nonisotopically labeled or end-labeled 
oligonucleotide probes. Much effort is being expended in increasing the sensitivity of the probe detection systems, but 
little research has been conducted on amplifying the target sequence so that it is present in quantities sufficient to be 
readily detectable using currently available methods. 

[0003] Several methods have been described in the literature for the synthesis of nucleic acids de novo or from an 
existing sequence. These methods are capable of producing large amounts of a given nucleic acid of completely 
specified sequence. 

[0004] One known method for synthesizing nucleic acids de novo involves the organic synthesis of a nucleic acid 
from nucleoside derivatives. This synthesis may be performed in solution or on a solid support. One type of organic 
synthesis is the phosphotriester method, which has been utilized to prepare gene fragments or short genes, in the 
phosphotriester method, oligonucleotides are prepared which can then be joined together to form longer nucleic acids. 
For a description of this method, see Narang, S.A., et al., Meth. Enzymol. , 68, 90 (1979) and U.S. Patent No. 4,356,270. 
The patent describes the synthesis and cloning of the somatostatin gene. 

[0005] A second type of organic synthesis is the phosphodiester method, which has been utilized to prepare a tRNA 
gene. See Brown, E.L., et aL, Meth. Enzymol. , 68, 1 09 (1 979) for a description of this method. As in the phosphotriester 
method, the phosphodiester method involves synthesis of oligonucleotides which are subsequently joined together to 
form the desired nucleic acid. 

[0006] Although the above processes for de novo synthesis may be utilized to synthesize long strands of nucleic 
acid, they are not very practical to use for the synthesis of large amounts of a nucleic acid. Both processes are laborious 
and time-consuming, require expensive equipment and reagents, and have a low overall efficiency. The low overall 
efficiency may be caused by the inefficiencies of the synthesis of the oligonucleotides and of the joining reactions. In 
the synthesis of a long nucleic acid, or even in the synthesis of a large amount of a shorter nucleic acid, many oligo- 
nucleotides would need to be synthesized and many joining reactions would be required. Consequently, these methods 
would not be practical for synthesizing large amounts of any desired nucleic acid. 

[0007] Methods also exist for producing nucleic acids in large amounts from small amounts of the initial existing 
nucleic acid. These methods involve the cloning of a nucleic acid in the appropriate host system, where the desired 
nucleic acid is inserted into an appropriate vector which is used to transform the host. When the host is cultured the 
vector is replicated, and hence more copies of the desired nucleic acid are produced. For a brief description of sub- 
cloning nucleic acid fragments, see Maniatis, T, et aL, Molecular Cloning: A Laboratory Manual , Cold Spring Harbor 
Laboratory, pp. 390-401 (1982). See also the techniques described in U.S. Patent Nos. 4,416,988 and 4,403,036. 
[0008] A third method for synthesizing nucleic acids, described in U.S. Patent No. 4,293,652, is a hybrid of the above- 
described organic synthesis and molecular cloning methods. In this process, the appropriate number of oligonucle- 
otides to make up the desired nucleic acid sequence is organically synthesized and inserted sequentially into a vector 
which is amplified by growth prior to each succeeding insertion. 

[0009] In Kleppe et al., J, Mol. Biol. 56 : 341 (1971), a process is described for synthesizing DNA using primer- 
initiated, template-directed repair replication, and it is suggested that cycles of replication could be repeated, adding 
every time a fresh dose of DNA polymerase. However, there is no suggestion that primer extension products must be 
complete enough to be able to form stable primer-template complexes in order to serve as templates for primers in 
subsequent rounds of primer extension, and that only by forming such complexes and serving as complete templates 
in subsequent rounds is exponential in vitro amplification possible. 

[0010] The present invention bears some similarity to the molecular cloning method; however, it does not involve 
the propagation of any organism and thereby avoids the possible hazards or inconvenience which this entails. The 
present invention also does not require synthesis of nucleic acid sequences unrelated to the desired sequence, and 
thereby the present invention obviates the need for extensive purification of the product from a complicated biological 
mixture. 

[001 1] The present invention resides in a process for amplifying one or more specific nucleic acid sequences present 
in a nucleic acid or mixture thereof using primers and inducing agents. The extension product of one primer when 
hybridized to the other becomes a template for the production of the desired specific nucleic acid sequence, and vice 
versa, and the process is repeated as often as is necessary to produce the desired amount of the sequence. This 
method is expected to be more efficient than the methods described above for producing large amounts of nucleic acid 
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from a target sequence and to produce such nucleic acid in a comparatively short period of time. The present method 
is especially useful for amplifying rare species of nucleic acid present in a mixture of nucleic acids for effective detection 
of such species. 

[0012] More specifically, the present invention provides a process for exponentially amplifying at least one specific 
5 double-stranded nucleic acid sequence contained in a nucleic acid or a mixture of nucleic acids, wherein each nucleic 
acid consists of two complementary strands, of equal or unequal length, and wherein the sequence to be amplified is 
contained within a larger sequence, which process comprises: 

(a) treating the strands with a molar excess of two oligonucleotide primers, one for each of the strands, under 
10 hybridizing conditions and in the presence of an inducing agent for polymerization and the different nucleotides, 

such that for each strand an extension product of the respective primer is synthesized which is complementary to 
the nucleic acid strand, wherein said primers are selected so that each is substantially complementary to one end 
of the sequence to be amplified on one of the strands such that an extension product can be synthesized from 
one primer which, when it is separated from its complement, can serve as a template for synthesis of an extension 
15 product of the other primer; 

(b) separating the primer extension products from the templates on which they were synthesized to produce single- 
stranded molecules; 

(c) treating the single-stranded molecules generated from step (b) with the primers of step (a) under hybridizing 
conditions and in the presence of an inducing agent for polymerisation and the different nucleotides such that a 

20 primer extension product is synthesized using each of the single-strands produced in step (b) as a template; and, 

if desired, 

(d) repeating steps (b) and (c) at least once; whereby the amount of the sequence to be amplified increases 
exponentially relative to the number of steps in which primer extension products are synthesized. 

25 [001 3] Furthermore, the invention provides a process for exponentially amplifying at least one specific double-strand- 
ed nucleic acid sequence contained in a nucleic acid or a mixture of nucleic acids wherein each nucleic acid consists 
of two complementary strands, of equal or unequal length, which process comprises: 

(a) treating the strands with a molar excess of two oligonucleotide primers, one for each of the strands, under 
30 hybridizing conditions and in the presence of an inducing agent for polymerization and the different nucleotides, 

such that for each strand an extension product of the respective primer is synthesized which is complementary to 
the nucleic acid strand, wherein said primers are selected so that each is substantially complementary to one end 
of the sequence to be amplified on one of the strands such that an extension product can be synthesized from 
one primer which, when it is separated from its complement, can serve as a template for synthesis of an extension 
35 product of the other primer; 

(b) separating the primer extension products from the templates on which they were synthesized to produce single- 
stranded molecules; 

(c) treating the single-stranded molecules generated from step (b) with the primers of step (a) under hybridizing 
conditions and in the presence of an inducing agent for polymerisation and the different nucleotides such that a 

40 primer extension product is synthesized using each of the single-strands produced in step (b) as a template; and 

(d) repeating steps (b) and (c) at least three times; whereby the amount of the sequence to be amplified increases 
exponentially relative to the number of steps in which primer extension products are synthesized. 

[0014] The invention also provides a process wherein a single-stranded nucleic acid containing a sequence to be 
45 amplified is first treated with an oligonucleotide primer substantially complementary to an end of said sequence, an 
agent for polymerization, and the different nucleotides, to obtain an extension product of the , primer complementary 
to the single-stranded nucleic acid and thereby both to provide a nucleic acid consisting of two strands and to permit 
amplification of said single-stranded sequence via exponential amplification of said nucleic acid consisting of two 
strands by said process described above. 
so [001 5] The steps of the present process may be conducted sequentially or simultaneously. In addition, steps (b) and 
(c) may be repeated until the desired level of sequence amplification is obtained. 

[001 6] The invention further provides the use of a pair of oligonucleotide primers for the exponential amplification of 
a pre-selected specific nucleic acid sequence by a process as defined above. 

55 (a) the specific nucleic acid sequence to be amplified is single-stranded and one primer is substantially comple- 

mentary to the strand so that an extension product of said one primer is complementary to said strand and the 
other primer is such that it can be used to synthesize another extension product employing the extension product 
of said one primer as a template thereby providing a nucleic acid consisting of two strands; or 
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(b) the specific nucleic acid sequence to be amplified is double-stranded and the primers are such that an extension 
product of one primer is substantialy complementary to one of the two strands and an extension product of the 
other primer is substantially complementary to the other strand such that the extension product synthesized from 
said one primer, when separated from its complement, can serve as a template for synthesis of the extension 
5 product of the other primer. 

[001 7] Copending European Patent No. 200362 discloses processes for detecting and cloning amplified nucleic acid 
sequences wherein these sequences have been amplified using the method of the present application. 
[001 8] The present invention may be useful not only for producing large amounts of an existing nucleic acid of com- 
10 pletely specified sequence, but also for producing nucleic acid sequences which are known to exist but are not com- 
pletely specified. In either case an initial copy of the sequence to be amplified must be available, although it need not 
be pure or a discrete molecule. 

[0019] Figure 1 illustrates a 94 base pair length sequence of human p-globin desired to be amplified. The single 
base pair change which is associated with sickle cell anemia is depicted beneath the 94-mer. 
15 [0020] Figure 2 illustrates an autoradiograph of polyacrylamide gel electrophoresis demonstrating amplification of 
the 94-mer contained in human wild-type DNA and in a plasmid containing a 1 .9 kb Bam HI fragment of the normal p- 
globin gene (designated pBR328:HbA). 

[0021] Figure 3 illustrates an autoradiograph of polyacrylamide ge! electrophoresis demonstrating amplification of 

any of the specific target 94-mer sequence present in pBR328:HbA, a plasmid containing a 1 .9 kb Bam HI fragment of 
20 the sickle cell allele of p-globin (designated pBR328:HbS), pBR328:HbA where the sequence to be amplified is cleaved 

with Mst ll, and pBR328:HbS where the sequence to be amplified has been treated but not cleaved with MstH. 

[0022] Figure 4 illustrates in detail the steps and products of the polymerase chain reaction for amplification of the 

desired 94-mer sequence of human p-globin for three cycles using two oligonucleotide primers. 

[0023] Figure 5 represents an autoradiograph of polyacrylamide gel electrophoresis demonstrating amplification after 
25 four cycles of a 240-mer sequence in pBR328:HbA, where the aliquots are digested with Nco l (Lane 3), Mstll (Lane 4) 

or Hinfl (Lane 5). Lane 1 is the molecular weight standard and Lane 2 contains the intact 240-bp product. 

[0024] Figure 6 illustrates the sequence of the normal (P A ) and sickle cell (P s ) p-globin genes in the region of the 

Dde l and Hin fl restriction sites, where the single lines for p A mark the position of the Ddel site (CTGAG) and the double 

bars for P A and p s mark the position of the Hin fl site (GACTC). 
30 [0025] Figure 7 illustrates the results of sequential digestion of normal p-globin using a 40-mer probe and Dde l 

followed by Hinfl restriction enzymes. 

[0026] Figure 8 illustrates the results of sequential digestion of sickle p-globin using the same 40-mer probe as in 
Figure 7 and Dde l followed by Hin fl restriction enzymes. 

[0027] Figure 9 illustrates an autoradiograph of polyacrylamide gel electrophoresis demonstrating the use of the 
35 same 40-mer probe as in Figure 7 to specifically characterize the beta-globin alleles present in samples of whole human 
DNA which have been subjected to amplification by the present method. 

[0028] Figure 10 illustrates a photograph of a 6% NuSieve agarose gel visualized using ethidium bromide and UV 
light. This photograph demonstrates amplification of a sub-fragment of a 110-bp amplification product which sub-frag- 
ment is an inner nested set within the 110-bp fragment. 
40 [0029] The term "oligonucleotide" as used herein in referring to primers, probes, oligomer fragments to be detected, 
oligomer controls and unlabeled blocking oligomers is defined as a molecule comprised of two or more deoxyribonu- 
cleotides or ribonucleotides, preferably more than three. Its exact size will depend on many factors, which in turn 
depend on the ultimate function or use of the oligonucleotide. 

[0030] The term "primer" as used herein refers to an oligonucleotide whether occurring naturally as in a purified 
45 restriction digest or produced synthetically, which is capable of acting as a point of initiation of synthesis when placed 
under conditions in which synthesis of a primer extension product which is complementary to a nucleic acid strand is 
induced, i.e., in the presence of nucleotides and an inducing agent such as DNA polymerase and at a suitable tem- 
perature and pH. The primer is preferably single stranded for maximum efficiency in amplification, but may alternatively 
be double stranded. If double stranded, the primer is first treated to separate its strands before being used to prepare 
50 extension products. Preferably, the primer is an oligodeoxyribonucleotide. The primer must be sufficiently long to prime 
the synthesis of extension products in the presence of the inducing agent. The exact lengths of the primers will depend 
on many factors, including temperature, source of primer and use of the method. For example, for diagnostics appli- 
cations, depending on the complexity of the target sequence, the oligonucleotide primer typically contains 15-25 or 
more nucleotides, although it may contain fewer nucleotides. For other applications, the oligonucleotide primer is typ- 
55 ically shorter, e.g., 7-15 nucleotides. Such short primer molecules generally require cooler temperatures to form suf- 
ficiently stable hybrid complexes with template. 

[0031] The primers herein are selected to be "substantially" complementary to the different strands of each specific 
sequence to be amplified. This means that the primers must be sufficiently complementary to hybridize with their 
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respective strands. Therefore, the primer sequence need not reflect the exact sequence of the template. For example, 
a non-complementary nucleotide fragment may be attached to the 5' end of the primer, with the remainder of the primer 
sequence being complementary to the strand. Alternatively, non-complementary bases or longer sequences can be 
interspersed into the primer, provided that the primer sequence has sufficient complementarity with the sequence of 
5 the strand to be amplified to hybridize therewith and thereby form a template for synthesis of the extension product of 
the other primer. 

[0032] As used herein, the terms "restriction endonucleases" and "restriction enzymes" refer to bacterial enzymes 
each of which cut double-stranded DNA at or near a specific nucleotide sequence. 

[0033] As used herein, the term "DNA polymorphism" refers to the condition in which two or more different nucleotide 

10 sequences can exist at a particular site in DNA. 

[0034] The term "restriction fragment length polymorphism" ("RFLP") refers to the differences among individuals in 
the lengths of restriction fragments formed by digestion with a particular restriction endonuclease. 
[0035] The present invention is directed to a process for amplifying any one or more desired speciic nucleic acid 
sequences found in a nucleic acid. Because large amounts of a specific sequence may be produced by this process, 

15 the present invention may be used for improving the efficiency of cloning DNA or messenger RNA and for amplifying 
a target sequence to facilitate detection thereof. The present invention is also useful for obtaining large amounts of the 
desired sequence from a mixture of nucleic acids resulting from an imperfect chemical synthesis. 
[0036] In general, the present process involves a chain reaction for producing, in exponential quantities relative to 
the number of reaction steps involved, at least one specific nucleic acid sequence given (a) that the ends of the required 

20 sequence are known in sufficient detail that oligonucleotides can be synthesized which will hybridize to them, and (b) 
that a small amount of the sequence is available to initiate the chain reaction. The product of the chain reaction will be 
a discrete nucleic acid duplex with termini corresponding to the ends of the specific primers employed. 
[0037] Any source of nucleic acid, in purified or nonpurified form, can be utilized as the starting nucleic acid or acids, 
provided it contains or is suspected of containing the specific nucleic acid sequence desired. Thus, the process may 

25 employ, for example, DNA or RNA, including messenger RNA, which DNA or RNA may be single stranded or double 
stranded. In addition, a DNA-RNA hybrid which contains one strand of each may be utilized. A mixture of any of these 
nucleic acids may also be employed, or the nucleic acids produced from a previous amplification reaction herein using 
the same or different primers may be so utilized. The specific nucleic acid sequence to be amplified may be only a 
fraction of a larger molecule or can be present initially as a discrete molecule, so that the specific sequence constitutes 

30 the entire nucleic acid. It is not necessary that the sequence to be amplified be present initially in a pure form; it may 
be a minor fraction of a complex mixture, such as a portion of the p-globin gene contained in whole human DNA or a 
portion of nucleic acid sequence due to a particular microorganism which organism might constitute only a very minor 
fraction of a particular biological sample. The starting nucleic acid may contain more than one desired specific nucleic 
. acid sequence which may be the same or different. Therefore, the present process is useful not only for producing 

35 large amounts of one specific nucleic acid sequence, but also for amplifying simultaneously more than one different 
specific nucleic acid sequence located on the same or different nucleic acid molecules. 

[0038] The nucleic acid or acids may be obtained from any source, for example, from plasmids such as pBR322, 
from cloned DNA or RNA, or from natural DNA or RNA from any source, including bacteria, yeast, viruses, and higher 
organisms such as plants or animals. DNA or RNA may be extracted from blood, tissue material such as chorionic villi 

40 or amniotic cells by a variety of techniques such as that described by Maniatis et al., MolecularCloning (1982), 280-281 . 
[0039] Any specific nucleic acid sequence can be produced by the present process. It is only necessary that a suf- 
ficient number of bases at both ends of the sequence be known in sufficient detail so that two oligonucleotide primers 
can be prepared which will hybridize to different strands of the desired sequence and at relative positions along the 
sequence such that an extension product synthesized from one primer, when it is separated from its template (com- 

45 plement), can serve as a template for extension of the other primer into a nucleic acid of defined length. The greater 
the knowledge about the bases at both ends of the sequence, the greater can be the specificity of the primers for the 
target nucleic acid sequence, and thus the greater the efficiency of the process. It will be understood that the word 
primer as used hereinafter may refer to more than one primer, particularly in the case where there is some ambiguity 
in the information regarding the terminal sequence(s) of the fragment to be amplified. For instance, in the case where 

50 a nucleic acid sequence is inferred from protein sequence information a collection of primers containing sequences 
representing all possible codon variations based on degeneracy of the genetic code will be used for each strand. One 
primer from this collection will be 100% homologous with the end of the desired sequence to be amplified. 
[0040] The oligonucleotide primers may be prepared using any suitable method, such as, for example, the phospho- 
triester and phosphodiester methods described above, or automated embodiments thereof. In one such automated 

55 embodiment diethylphosphoramidites are used as starting materials and may be synthesized as described by Beau- 
cage et al., Tetrahedron Letters (1981), 22:1859-1862. One method for synthesizing oligonucleotides on a modified 
solid support is described in U.S. Patent No. 4,458,066. It is also possible to use a primer which has been isolated 
form a biological source (such as a restriction endonuclease digest). 
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[0041] The specific nucleic acid sequence is produced by using the nucleic acid containing that sequence as a 
template. If the nucleic acid contains two strands, it is necessary to separate the strands of the nucleic acid before it 
can be used as the template, either as a separate step or simultaneously with the synthesis of the primer extension 
products. This strand separation can be accomplished by any suitable method including physical, chemical or enzymatic 

5 means. One physical method of separating the strands of the nucleic acid involves heating the nucleic acid until it is 
completely (>99%) denatured. Typical heat denaturation may involve temperatures ranging from about 80 to 105 °C 
for times ranging from about 1 to 10 minutes. Strand separation may also be induced by an enzyme from the class of 
enzymes known as helicases or the enzyme RecA, which has helicase activity and in the presence of riboATP is known 
to denature DNA. The reaction conditions suitable for separating the strands of nucleic acids with helicases are de- 

10 scribed by Kuhn Hoffmann-Berling, CSH-Quantitative Biology , 43:63 (1978), and techniques for using RecA are re- 
viewed in C. Radding, Ann. Rev. Genetics , 16:405-37 (1982). 

[0042] If the original nucleic acid containing the sequence to be amplified is single stranded, its complement is syn- 
thesized by adding one or two oligonucleotide primers thereto. If an appropriate single primer is added, a primer ex- 
tension product is synthesized in the presence of the primer, an inducer or catalyst of the synthesis and the four nu- 
15 cleotides described below. The product will be partially complementary to the single-stranded nucleic acid and will 
hybridize with the nucleic acid strand to form a duplex of unequal length strands that may then be separated into single 
strands as described above to produce two single separated complementary strands. Alternatively, two appropriate 
primers may be added to the single-stranded nucleic acid and the reaction carried out. 

[0043] if the originai nucleic acid constitutes the sequence to be amplified, the primer extension product(s) produced 
20 will be completely complementary to the strands of the original nucleic acid and will hybridize therewith to form a duplex 
of equal length strands to be separated into single-stranded molecules. 

[0044] When the complementary strands of the nucleic acid or acids are separated, whether the nucleic acid was 
originally double or single stranded, the strands are ready to be used as a template for the synthesis of additional 
nucleic acid strands. This synthesis can be performed using any suitable method. Generally it occurs in a buffered 

25 aqueous solution, preferably at a pH of 7-9, most preferably about 8. Preferably, a molar excess (for cloned nucleic 
acid, usually about 1000:1 primentemplate, and for genomic nucleic acid, usually about 10 6 :1 primentemplate) of the 
two oligonucleotide primers is added to the buffer containing the separated template strands. It is understood, however, 
that the amount of complementary strand may not be known if the process herein is used for diagnostic applications, 
so that the amount of primer relative to the amount of complementary strand cannot be determined with certainty. As 

30 a practical matter, however, the amount of primer added will generally be in molar excess over the amount of comple- 
mentary strand (template) when the sequence to be amplified is contained in a mixture of complicated long-chain 
nucleic acid strands. A large molar excess is preferred to improve the efficiency of the process. 
[0045] The deoxyribonucleoside triphophates dATP, dCTP, dGTP and TTP are also added to the synthesis mixture 
in adequate amounts and the resulting solution is heated to about 90-1 00°C for from about 1 to 10 minutes, preferably 

35 from 1 to 4 minutes. After this heating period the solution is allowed to cool to room temperature, which is preferable 
for the primer hybridization. To the cooled mixture is added an appropriate agent for inducing or catalyzing the primer 
extension reaction (herein called "inducing agent"), and the reaction is allowed to occur under conditions known in the 
art. This synthesis reaction may occur at from room temperature up to a temperature above which the inducing agent 
no longer functions efficiently. Thus, for example, if DNA polymerase is used as inducing agent, the temperature is 

40 generally no greater than about 40 °C. Most conveniently the reaction occurs at room temperature. 

[0046] The inducing agent may be any compound or system which will function to accomplish the synthesis of primer 
extension products, including enzymes. Suitable enzymes for this purpose include, for example, E. coii DNA polymer- 
ase I, Klenow fragment of E. coli DNA polymerase I, T4 DNA polymerase, other available DNA polymerases, reverse 
transcriptase, and other enzymes, including heat-stable enzymes, which will facilitate combination of the nucleotides 

45 in the proper manner to form the primer extension products which are complementary to each nucleic acid strand. 
Generally, the synthesis will be initiated at the 3' end of each primer and proceed in the 5' direction along the template 
strand, until synthesis terminates, producing molecules of different lengths. There may be inducing agents, however, 
which initiate synthesis at the 5' end and proceed in the other direction, using the same process as described above. | 
[0047] The newly synthesized strand and its complementary nucleic acid strand form a double-stranded molecule 

50 which is used in the succeeding steps of the process. In the next step, the strands of the double-stranded molecule 
are separated using any of the procedures described above to provide single-stranded molecules. 
[0048] New nucleic acid is synthesized on the single-stranded molecules. Additional inducing agent, nucleotides and 
primers may be added if necessary for the reaction to proceed under the conditions prescribed above. Again, the 
synthesis will be initiated at one end of the oligonucleotide primers and will proceed along the single strands of the 

55 template to produce additional nucleic acid. After this step, half of the extension product will consist of the specific 
nucleic acid sequence bounded by the two primers. 

[0049] The steps of strand separation and extension product synthesis can be repeated as often as needed to pro- 
duce the desired quantity of the specific nucleic acid sequence. As will be described in further detail below, the amount 
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of the specific nucleic acid sequence produced will accumulate in an exponential fashion. 

[0050] When it is desired to produce more than one specific nucleic acid sequence from the first nucleic acid or 
mixture of nucleic acids, the appropriate number of different oligonucleotide primers are utilized. For example, if two 
different specific nucleic acid sequences are to be produced, four primers are utilized. Two of the primers are specific 
for one of the specific nucleic acid sequences.and the other two primers are specific for the second specific nucleic 
acid sequence. In this manner, each of the two different specific sequences can be produced exponentially by the 
present process. 

[0051] The present invention can be performed in a step-wise fashion where after each step new reagents are added, 
or simultaneously, where ali reagents are added at the initial step, or partially step-wise and partially simultaneous, 
where fresh reagent is added after a given number of steps. If a method of strand separation, such as heat, is employed 
which will inactivate the inducing agent, as in the case of a heat-labile enzyme, then it is necessary to replenish the 
inducing agent after every strand separation step. The simultaneous method may be utilized when an enzymatic means 
is used for the strand separation step. In the simultaneous procedure, the reaction mixture may contain, in addition to 
the nucleic acid strand(s) containing the desired sequence, the strand-separating enzyme (e.g., helicase), an appro- 
priate energy source for the strand-separating enzyme, such as rATP, the four nucleotides, the oligonucleotide primers 
in molar excess, and the inducing agent, e.g., Klenow fragment of E. coli DNA polymerase I. If heat is used for dena- 
turation in a simultaneous process, a heat-stable inducing agent such as a thermostable polymerase may be employed 
which will operate at an elevated temperature, preferably 65-90 °C depending on the inducing agent, at which tem- 
perature the nucleic acid will consist of single and double strands in equilibrium. For smaller lengths of nucleic acid, 
lower temperatures of about 50°C may be employed. The upper temperature will depend on the temperature at which 
the enzyme will degrade or the temperature above which an insufficient level of primer hybridization will occur. Such 
a heat-stable enzyme is described, e.g., by A. S. Kaledin et al., Biokhimiya , 45, 644-651 (1980). Each step of the 
process will occur sequentially notwithstanding the initial presence of all the reagents. Additional materials may be 
added as necessary. After the appropriate length of time has passed to produce the desired amount of the specific 
nucleic acid sequence, the reaction may be halted by inactivating the enzymes in any known manner or separating 
the components of the reaction. 

[0052] The process of the present invention may be conducted continuously. In one embodiment of an automated 
process, the reaction may be cycled through a denaturing region, a reagent addition region, and a reaction region. In 
another embodiment, the enzyme used for the synthesis of primer extension products can be immobilized in a column. 
The other reaction components can be continuously circulated by a pump through the column and a heating coil in 
series, thus the nucleic acids produced can be repeatedly denatured without inactivating the enzyme. 
[0053] The present invention is demonstrated diagrammatically below where double-stranded DNA. containing the 
desired sequence [S] comprised of complementary strands [S + ] and [S - ] is utilized as the nucleic acid. During the first 
and each subsequent reaction cycle extension of each oligonucleotide primer on the original template will produce one 
new ssDNA molecule product of indefinite length which terminates with only one of the primers. These products, here- 
after referred to as "long products," will accumulate in a linear fashion; that is, the amount present after any number 
of cycles will be proportional to the number of cycles. 

[0054] The long products thus produced will act as templates for one or the other of the oligonucleotide primers 
during subsequent cycles and will produce molecules of the desired sequence [S + ] or [S~] These molecules will also 
function as templates for one or the other of the oligonucleotide primers, producing further [S + ] and [S - ], and thus a 
chain reaction can be sustained which will result in the accumulation of [S] at an exponential rate relative to the number 
of cycles. 

[0055] By-products formed by oligonucleotide hybridizations other than those intended are not self-catalytic (except 
in rare instances) and thus accumulate at a linear rate. 

[0056] The specific sequence to be amplified, [S], can be depicted diagrammatically as: 




5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3' 
3' TTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5 1 



The appropriate oligonucleotide primers would be: 



Primer 1: 
Primer 2: 



GGGGGGGGGG 
AAAAAAAAAA 
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so that if DNA containing [S] 



. . . •zzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz. . . . 
• . . .zzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGzzzzzzzzzzzzzzzz. . . . 

is separated into single strands and its single strands are hybridized to Primers 1 and 2, the following extension reactions 
can be catalyzed by DNA polymerase in the presence of the four deoxyribonucleoside triphosphates: 

3' 5' 

extends 4 — GGGGGGGGGG Primer 1 



.... zzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz. . , . 
original template strand* 



original template strand* 

zzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGzzzzzzzzzzzzzzzz 



Primer 2 AAAAAAAAAA ^extends 

On denaturation of the two duplexes formed, the products are: 

3' 5* 
. .zzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 
newly synthesized long product 1 



5' 3' 

zzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz 

original template strand* 



3* 5* 
. . . .zzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGzzzzzzzzizzzzzzz. . , 
original template strand" 



5' 3* 

AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz 

newly synthesized long product 2 

If these four strands are allowed to rehybridize with Primers 1 and 2 in the next cycle, inducing agent will catalyze the 
following reactions: 
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10 



15 



20 



25 



Primer 2 5 1 AAAAAAAAAA — ^extends to here 



3' . . . . zzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' 
newly synthesized long product 1 



extends ^ GGGGGGGGGG 5' Primer 1 



5 1 . . . .zzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzz. • . .3* 
original template strand + 



Primer 2 5' AAAAAAAAAA extends 



3' . • . .zzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYGGGGGGGGGGzzzzzzzzzz. . . .5' 
original template strand* 



extends to here^ — GGGGGGGGGG 5' Primer 1 



30 5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz. .3' 

newly synthesized long product 2 

If the strands of the above four duplexes are separated, the following strands are found: 

35 



40 



45 



50 



5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3' 
newly synthesized [S + ] 



3' zzzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5 1 

first cycle synthesized long product 1 



3 1 . .zzzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' 
newly synthesized long product 1 



5* . . . .zzzzzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzz. . . .3' 
original template strand* 



55 5 1 AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz. • .3* 

newly synthesized long product 2 
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3^222222222222Z22TTmTTTTTYYYYYYYYYYGGGGGGGGGG2222222222222222..,5' 
original template strand" 



3' TTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5* 
newly synthesi2ed [S*] 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC2222222222Z2222...3 < 
first cycle synthesi2ed long product 2 

[0057] It is seen that each strand which terminates with the oligonucleotide sequence of one primer and the com- 
plementary sequence of the other is the specific nucleic acid sequence [S] that is desired to be produced. 
[0058] The steps of this process can be repeated indefinitely, being limited only by the amount of Primers 1 and 2, 
inducing agent and nucleotides present. The amount of original nucleic acid remains constant in the entire process, 
because it is not replicated. The amount of the long products increases linearly because they are produced only from 
the original nucleic acid. The amount of the specific sequence increases exponentially. Thus, the specific sequence 
will become the predominant species. This is illustrated in the following table, which indicates the relative amounts of 
the species theoretically present after n cycles, assuming 100% efficiency at each cycle: 



Number of Double Strands After 0 to n Cycles 


Cycle Number 


Template 


Long Products 


Specific Sequence [S] 


0 


1 






1 


1 


1 


0 


2 


1 


2 


1 


3 


1 


3 


4 


5 


1 


5 


26 


10 


1 


10 


1013 


15 


1 


15 


32,752 


20 


1 


20 


1,048,555 


n 


1 


n 


(2"-n-1) 



When a single-stranded nucleic acid is utilized as the template, only one long product is formed per cycle. 
[0059] The method herein may be utilized to clone a particular nucleic acid sequence for insertion into a suitable 
expression vector. The vector may then be used to transform an appropriate host organism to produce the gene product 
of the sequence by standard methods of recombinant DNA technology 

[0060] In addition, the process herein can be used for in vitro mutagenesis. The oligodeoxyribonucleotide primers 
need not be exactly complementary to the DNA sequence which is being amplified. It is only necessary that they be 
able to hybridize to the sequence sufficiently well to be extended by the polymerase enzyme or by whatever other 
inducing agent is employed. The product of a polymerase chain reaction wherein the primers employed are not exactly 
complementary to the original template will contain the sequence of the primer rather than the template, thereby intro- 
ducing an in vitro mutation. In further cycles this mutation will be ampl|fied with an undiminished efficiency because no 
further mispaired primings are required. The mutant thus produced may be inserted into an appropriate vector by 
standard molecular biological techniques and might confer mutant properties on this vector such as the potential for 
production of an altered protein. 

[0061] The process of making an altered DNA sequence as described above could be repeated on the altered DNA 
using different primers so as to induce further sequence changes. In this way a series of mutated sequences could 
gradually be produced wherein each new addition to the series could differ from the last in a minor way, but from the 
original DNA source sequence in an increasingly major way. in this manner changes could be made ultimately which 
were not feasible in a single step due to the inability of a very seriously mismatched primer to function. 
[0062] In addition, the primer can contain as part of its sequence a non-complementary sequence provided that a 
sufficient amount of the primer contains a sequence which is complementary to the strand to be amplified. For example, 
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a nucleotide sequence which is not complementary to the template sequence (such as, e.g., a promoter, linker, coding 
sequence, etc.) may be attached at the 5' end of one or both of the primers, and thereby appended to the product of 
the amplification process. After the extension primer is added, sufficient cycles are run to achieve the desired amount 
of new template containing the non-complementary nucleotide insert. This allows production of large quantities of the 

5 combined fragments in a relatively short period of time (e.g., two hours or less) using a simple technique. 

[0063] The method herein may also be used to enable detection and/or characterization of specific nucleic acid 
sequences associated with infectious diseases, genetic disorders or cellular disorders such as cancer. Amplification 
is useful when the amount of nucleic acid available for analysis is very small, as, for example, in the prenatal diagnosis 
of sickle cell anemia using DNA obtained from fetal cells. Amplification is particularly useful if such an analysis is to 

10 be done on a small sample using non-radioactive detection techniques which may be inherently insensitive, or where 
radioactive techniques are being employed but where rapid detection is desirable. 

[0064] For purposes of this invention genetic diseases may include specific deletions and/or mutations in genomic 
DNA from any organism, such as, e.g., sickle cell anemia, cystic fibrosis, ot-thalessemia, p-thalessemia, and the like. 
Sickle cell anemia can be readily detected via oligomer restriction analysis or a RFLP-like analysis following amplifi- 
15 cation of the appropriate DNA sequence by the present method. oc-Thalessemia can be detected by the absence of a 
sequence, and p-thalessemia can be detected by the presence of a polymorphic restriction site closely linked to a 
mutation which causes the disease. 

[0065] All of these genetic diseases may be detected by amplifying the appropriate sequence and analyzing it by 
Southern blots without using radioactive probes. In such a process, for example, a small sample of DNA from, e.g., 
20 amniotic fluid containing a very low level of the desired sequence is amplified, cut with a restriction enzyme, and 
analyzed via a Southern blotting technique. The use of non-radioactive probes is facilitated by the high level of the 
amplified signal. 

[0066] In another embodiment a small sample of DNA may be amplified to a convenient level and then a further 
cycle of extension reactions performed wherein nucleotide derivatives which are readily detectable (such as 32 P-la- 
25 beled or biotin labelled nucleoside triphosphates) are incorporated directly into the final DNA product, which may be 
analyzed by restriction and electrophoretic separation or any other appropriate method. An example of this technique 
in a model system is demonstrated in Figure 5. 

[0067] In a further embodiment, demonstrated in a model system in Figure 3, the nucleic acid may be exposed to a 
particular restriction endonuclease prior to amplification. Since a sequence which has been cut cannot be amplified, 
30 the appearance of an amplified fragment, despite prior restriction of the DNA sample, implies the absence of a site for 
the endonuclease within the amplified sequence. The presence or absence of an amplified sequence can be detected 
by an appropriate method. 

[0068] A practical application of this technique can be illustrated by its use in facilitating the detection of sickle cell 
anemia via the oligomer restriction technique described herein below and by R. Saiki et a!., Bio/Technology , 3: 

35 1008-1012 (1985). Sickle cell anemia is a hemoglobin disease which is caused by a single base pair change in the 
sixth codon of the p-globin gene. Figure 6 illustrates the sequences of normal and sickle cell p-globin genes in the 
region of their polymorphism, where the single bars mark the location of a Dde l site present only in the normal gene 
and where the double bars mark the location of a Hin fi site which is non-polymorphic and thus present in both the 
normal and sickle cell alleles. Figure 7 illustrates the process of oligomer restriction of normal P-globin DNA using a 

40 probe spanning both restriction sites and labeled where the asterisk appears. The DNA, amplified as provided herein, 
is denatured and annealed to the labeled probe. The enzyme Ddel cleaves the DNA at the reformed Ddei site and 
generates a labeled octamer. Under the conditions used in the test the octamer is short enough to dissociate from the 
duplex. The subsequent addition of the enzyme Hinfl has no effect on the now single-stranded octamer. Figure 8 
illustrates the same process applied to the sickle cell allele of p-globin DNA. The enzyme Ddel cannot cleave the duplex 

45 formed by the amplified DNA and the labeled probe because of the A-A base pair mismatch. The enzyme Hinfl, however, 
does restrict the hybrid and a labeled trimer is produced. In practice the method can diagnose the DNA of an individual 
as being either homozygous for the wild type, homozygous for the sickle type or a heterozygous carrier of the sickle 
cell trait, since a specific signal is associated with the presence of either allele. Use of this above-described method 
to amplify the pertinent sequence allows for a rapid analysis of a single copy gene using a probe with only a single 32 P 

so label. 

[0069] Various infectious diseases can be diagnosed by the presence in clinical samples of specific DNA sequences 
characteristic of the causative microorganism. These include bacteria, such as Salmonella, Chlamydia, Neisseria; 
viruses, such as the hepatitis viruses, and protozoan parasites* such as the Plasmodium responsible for malaria. U. 
S. Patent 4,358,535 issued to Falkow describes the use of specific DNA hybridization probes for the diagnosis of 
55 infectious diseases. A problem inherent in the Falkow procedure is that a relatively small number of pathogenic organ- 
isms may be present in a clinical sample from an infected patient and the DNA extracted from these may constitute 
only a very small fraction of the total DNA in the sample. Specific amplification of suspected sequences prior to immo- 
bilization and hybridization detection of the DNA samples could greatly improve the sensitivity and specificity of these 
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procedures. 

[0070] Routine clinical use of DNA probes for the diagnosis of infectious diseases would be simplified considerably 
if non-radioactively labeled probes could be employed as described in EP 63,879 to Ward. In this procedure biotin- 
containing DNA probes are detected by chromogenic enzymes linked to avidin or biotin-specific antibodies. This type 
5 of detection is convenient, but relatively insensitive. The combination of specific DNA amplification by the present 
method and the use of stably labeled probes could provide the convenience and sensitivity required to make the Falkow 
and Ward procedures useful in a routine clinical setting. 

[0071] The amplification process can also be utilized to produce sufficient quantities of DNA from a single copy 
human gene such that detection by a simple non-specific DNA stain such as ethidium bromide can be employed so 

10 as to make a DNA diagnosis directly. 

[0072] In addition to detecting infectious diseases and pathological abnormalities in the genome of organisms, the 
process herein can also be used to detect DNA polymorphism which may not be associated with any pathological state. 
[0073] The following examples are offered by way of illustration and are not intended to limit the invention in any 
manner. In these examples all percentages are by weight if for solids and by volume if for liquids, and all temperatures 

15 are in degrees Celsius unless otherwise noted. 

EXAMPLE 1 

[0074] A 25 base pair sequence having the nucleotide sequence 

20 

5' CCTCGGCACCGTCACCCTGGATGCT 3' 
3' GGAGCCGTGGCAGTGGGACCTACGA 5* 

25 

contained on a 47 base pair Fokl restriction fragment of pBR322 obtainable from ATCC was prepared as follows. A 
Fok l digest of pBR322 containing the 47-bp fragment was produced by digesting pBR322 with Fok l in accordance with 
the conditions suggested by the supplier, New England Biolabs Inc. The primers which were utilized were 5' d(CCTCG- 

30 GCACCG) 3* and 5' d(AGCATCCAGGGTG) 3', and were prepared using conventional techniques. The following in- 
gredients were added to 33 ^il of buffer which consisted of 25 mM potassium phosphate, 10 mM magnesium chloride 
and 1 00 mM sodium chloride at pH 7.5: 2433 pmoles of each of the primers described above, 2.4 pmoles of the Fokl 
digest of pBR322, 12 nmoles of dATP, 22 nmoles of dCTP, 19 nmoles of dGTP and 10 nmoles of TTP. 
[0075] The mixture was heated to 85°C for five minutes and allowed to cool to ambient temperature. Five units of 

35 the Klenow fragment of E. coli DNA polymerase I were added and the temperature was maintained for 15 minutes. 
After that time, the mixture was again heated to 85°C for five minutes and allowed to cool. Five units of the Klenow 
fragment were again added and the reaction was carried out for 15 minutes. The heating, cooling and synthesis steps 
were repeated eleven more times. 

[0076] After the final repetition, a 5 jxl aliquot was removed from the reaction mixture. This was heated to 85 °C for 
40 three minutes and allowed to cool to ambient temperature. 12.5 pmoles of cc-P 32 -deoxycytidine triphosphate and 5 
units of Klenow fragment were added and the reaction was allowed to proceed for 15 minutes. The labeled products 
were examined by polyacrylamide gel electrophoresis. The Fokl digest was labeled in a similar fashion and served as 
a control and molecular weight markers. The only heavily labeled band visible after the 1 3 cycles was the intended 25 
base pair sequence. 

45 

EXAMPLE 2 

[0077] The desired sequence to be amplified was a 94 base pair sequence contained within the human beta-globin 
gene and spanning the Mstll site involved in sickle cell anemia. The sequence has the nucleotide sequence shown in 
so Figure 1. 

I. Synthesis of Primers 

[0078] The following two oligodeoxyribonucleotide primers were prepared by the method described below: 

55 

5* CACAGGGCAGTAACG 3' Primer A 
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and 

5' TTTGCTTCT6ACACA 3 1 Primer B 

5 

[0079] Automated Synthesis Procedures: The diethylphosphoramidites, synthesized according to Beaucage and 
Caruthers ( Tetrahedron Letters (1981) 22:1859-1862) were sequentially condensed to a nucleoside derivatized con- 
trolled pore glass support using a Biosearch SAM-1. The procedure included detritylation with trichloroacetic acid in 
dichloromethane, condensation using benzotriazole as activating proton donor, and capping with acetic anhydride and 
10 dimethylaminopyridine in tetrahydrofuran and pyridine. Cycle time was approximately 30 minutes. Yields at each step 
were essentially quantitative and were determined by collection and spectroscopic examination of the dimethoxytrityl 
alcohol released during detritylation. 

[0080] Oligodeoxyribonucleotide Deprotection and Purification Procedures: The solid support was removed from the 
column and exposed to 1 ml concentrated ammonium hydroxide at room temperature for four hours in a closed tube. 

15 The support was then removed by filtration and the solution containing the partially protected oligodeoxynucleotide 
was brought to 55 °C forfive hours. Ammonia was removed and the residue was applied to a preparative polyacrylamide 
gel. Electrophoresis was carried out at 30 volts/cm for 90 minutes after which the band containing the product was 
identified by UV shadowing of a fluorescent plate. The band was excised and eluted with 1 ml distilled water overnight 
at 4°C. This solution was applied to an Altech RP18 column and eluted with a 7-13% gradient of acetonitrile in 1% 

20 ammonium acetate buffer at pH 6.0. The elution was monitored by U V absorbance at 260 nm and the appropriate 
fraction collected, quantitated by UV absorbance in a fixed volume and evaporated to dryness at room temperature in 
a vacuum centrifuge. 

[0081] Characterization of Oligodeoxyribonucleotides: Test aliquots of the purified oligonucleotides were 32 P labeled 
with polynucleotide kinase and y- 32 P-ATP. The labeled compounds were examined by autoradiography of 14-20% 
25 polyacrylamide gels after electrophoresis for 45 minutes at 50 volts/cm. This procedure verifies the molecular weight. 
Base composition was determined by digestion of the oligodeoxyribonucleotide to nucleosides by use of venom di- 
esterase and bacterial alkaline phosphatase and subsequent separation and quantitation of the derived nucleosides 
using a reverse phase HPLC column and a 10% acetonitrile, 1% ammonium acetate mobile phase. 

30 II, Source of DNA 

A. Extraction of Whole Human Wild-Type DNA 

[0082] Human genomic DNA homozygous for normal p-globin was extracted from the cell line Molt4 (obtained from 
35 Human Genetic Mutant Cell Repository and identified as GM2219c) using the technique described by Stetler et al., 
Proc. Nat. Acad. Sci. (1982), 79:5966-5970. 

B. Construction of Cloned Globin Genes 

40 [0083] A 1.9 kb Bam HI fragment of the normal p-globin gene was isolated from the cosmid pFC1 1 and inserted into 
the Bam HI site of pBR328 (Soberon, et al., Gene (1980) 9:287-305). This fragment, which encompasses the region 
that hybridizes to the synthetic 40-mer probe, includes the first and second exons, first intron, and 5' flanking sequences 
of the gene (Lawn et al., Cell (1978), 15:1157-1174). This clone was designated pBR328:HbA and deposited under 
ATCC No. 39,698 on May 25, 1984. 

45 [0084] The corresponding 1 .9 kb Bam HI fragment of the sickle cell allele of p-globin was isolated from the cosmid 
pFC1 2 and cloned as described above. This clone was designated pBR328:HbS and deposited under ATCC No. 39,699 
on May 25, 1984. 

[0085] Each recombinant plajsmid was transformed into and propagated in E. coli MM294 (ATCC No. 39,607). 
50 C. Digestion of Cloned Globin Genes with Mstll 

[0086] A total of 100 \iq each of pBR328:HbA and pBR328:HbS were individually digested with 20 units of Mstll (New 
England Biolabs) for 16 hours at 37°C in 200 \i\ of 150 mM NaCI, 12 mM Tris HCI (pH 7.5), 12 mM MgCI 2 , 1 mM 
dithiothreitol (DTT), and 100 ^g/ml bovine serum albumin (BSA). The products are designated pBR328:HbA/Mstll and 
55 pBR328:HbS/Mstll, respectively. 
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III. Polymerase Chain Reaction 

[0087] To 100 jil of buffer consisting of 60 mM sodium acetate, 30 mM Tris acetate and 10 mM magnesium acetate 
at pH 8.0 was added 2 uJ of a solution containing 100 picomoles of Primer A (of the sequence d-(CACAG- 
5 GGCACTAACG)), 100 picomoles of Primer B (of the sequence d(TTTGCTTCTGACACA)) and 1000 picomoles each 
of dATP, dCTP, dGTP and TTP. In addition, one of the following sources of DNA described above was added: 

10 u.g whole human wild-type DNA (Reaction I) 
0.1 picomole pBR328:HbA (Reaction II) 
10 0.1 picomole pBR328:HbS (Reaction III) 

0.1 picomole pBR328:HbA/Mstll (Reaction IV) 
0.1 picomole pBR328:HbS/Mstll (Reaction V) 
No target DNA (Reaction VI) 

15 [0088] Each resulting solution was heated to 100 °C for four minutes and allowed to cool to room temperature for 
two minutes, whereupon 1 u.l containing four units of Klenow fragment of E. coli DNA polymerase was added. Each 
reaction was allowed to proceed for 10 minutes, after which the cycle of adding the primers, nucleotides and DNA, 
heating, cooling, adding polymerase, and reacting was repeated nineteen times for Reaction I and four times for Re- 
actions ll-VI. 

20 [0089] Four microliter aliquots of Reactions I and II removed before the first cycle and after the last cycle of each 
reaction were applied to a 12% polyacrylamide gel 0.089 M in Tris-borate buffer at pH 8.3 and 2.5 mM in EDTA. The 
gel was electrophoresed at 25 volts/cm for four hours, transferred to a nylon membrane serving as solid phase support 
and probed with a 5'- 32 P-labeled 40 bp synthetic fragment, prepared by standard techniques, of the sequence 

25 

5'd<TCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAG)3 r 

in 30% formamide, 3 x SSPE, 5 x Denhardt's, 5% sodium dodecyl sulfate at pH 7.4. Figure 2 is an autoradiograph of 
the probed nylon membrane for Reactions I and II. Lane 1 is 0.1 picomole of a 58-bp synthetic when the plasmid is 
30 digested with Mst ll and thus is available for amplification as shown in Lane 5. 

[0090] Figure 4 illustrates the chain reaction for three cycles in amplifying the 94-bp sequence. PC01 and PC02 are 
Primers A and B. The numbers on the right indicate the cycles, whereas the numbers on the left indicates the cycle 
number in which a particular molecule was produced. 

35 EXAMPLE 3 

[0091] This example illustrates amplification of a 110 bp sequence spanning the allelic Mstll site in the human he- 
moglobin gene. 

[0092] A total of 1 .0 microgram whole human DNA, 1 00 picomoles d(ACACAACTGTGTTCACTAGC) and 1 00 pico- 
40 moles d(CAACTTCATCCACGTTCACC) the primers.having been prepared by the technique of Example 2, were dis- 
solved in 100 uJ of a solution which was: 

1.5 mM in each of the four deoxyribonucleoside triphosphates 
30 mM in Tris acetate buffer at pH 7.9 
45 60 mM in sodium acetate 

10 mM in magnesium acetate 
0.25 mM in dithiothreitol 

I 

[0093] The solution was heated to 1 00°C for one minute and brought rapidly to 25°C for one minute, after which was 
50 added 2.5 units Klenow fragment of DNA polymerase. The polymerase reaction was allowed to proceed for two minutes 
at 25 °C, after which the cycle of heating, cooling, adding Klenow, and reacting was repeated as often as desired. 
[0094] With a 70% efficiency at each cycle, 1 5 cycles resulted in the synthesis of 1 .4 femtomoles of the desired 1 1 0 
bp fragment of the p-globin gene. 

55 EXAMPLE 4 

[0095] This example illustrates amplification of a 240 bp sequence spanning the allelic Mstll site in the human he- 
moglobin gene. This sequence contains Nco l, Hin fl and Mst ll restriction sites. 
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[0096] To 100 u.1 of a mixture of 60 mM sodium acetate, 30 mM Tris acetate and 10 mM magnesium acetate at pH 
8.0 containing 0.1 pmole pBR328:HbA was added 2 \l\ of Solution A containing: 

100 pmoles d(GGTTGGCCAATCTACTCCCAGG) primer 
5 1 00 pmoles d(TAACCTTGATACCAACCTGCCC) primer 

1000 pmoles each of dATP, dCTP, dGTP and TTP 

[0097] The two primers were prepared by the technique described in Example 2. The solution was heated to 1 00 °C 
for four minutes and allowed to cool in ambient air for two minutes, after which was added 1 ul containing four units 

10 Klenow fragment of E. coli DNA polymerase. The reaction was allowed to proceed for 1 0 minutes after which the cycle 
of solution A addition,- heating, cooling, adding polymerase, and reacting was repeated three times. To a 5.0 uJ aliquot 
of the reactions was added 5 picomoles of each oligonucleotide primer described above. The solution was heated to 
100 °C for four minutes and allowed to come to ambient temperature, after which 3 picomoles each of the alpha- 32 P- 
labeled deoxyribonucleoside triphosphates and 4 units Klenow fragment were added. The reaction, in a final volume 

15 of 10 ul and at the salt concentrations given above, was allowed to proceed for 10 minutes. The polymerase activity 
was terminated by heating for 20 minutes at 60 °C. Two ul aliquots were digested with Ncol, Mstll, or Hinfl and loaded 
onto a 1 2% polyacrylamide gel 0.089 M in Tris-borate buffer at pH 8.3 and 2.5 mM in EDTA. The gel was electrophoresed 
at 25 volts/cm for four hours and autoradiography was performed. Figure 5 illustrates the autoradiograph of the elec- 
trophoresis, where Lane 1 is the molecular weight standard, Lane 2 is without digestion with enzyme (240 bp intact), 

20 Lane 3 is digestion with Nco l (131 and 1 09 bp), Lane 4 is digestion with Mst ll (1 49 and 91 bp), and Lane 5 is digestion 
with Hin fl (144 and 96 bp). The autoradiograph is consistent with the amplification of the 240 bp sequence. 

EXAMPLE 5 

25 [0098] This example illustrates use of the process herein to detect 5 sickle cell anemia by sequential digestion. . 
Synthesis and Phosphorylation of Qligodeoxyribonucleotides 
[0099] A labeled DNA probe, RS06, of the sequence: 

30 

5' 'CTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGG 3' 
where * indicates the label, and an unlabeled blocking oligomer, RS10, of the sequence 

35 3' GACAGAGGTCACCTCTTCAGACGGCAATGACGGGACACCC 5* 

which has three base pair mismatches with RS06 were synthesized according to the procedures provided in Example 
2(l) The probe RS06 was labeled by contacting five pmole thereof with 4 units of T4 polynucleotide kinase (New England 
Biolabs) and 50 pmole y 32 P-ATP (New England Nuclear, about 7200 Ci/mmole) in a 40 u.l reaction volume containing 

40 70 mM Tris buffer (pH 7.6), 10 mM MgCI 2 , 1.5 mM spermine, and 2.5 mM dithiothreitol for 90 minutes at 37°C. The 
total volume was then adjusted to 100 u.l with 25 mM EDTA and purified according to the procedure of Maniatis et al., 
Molecular Cloning (1982), 464-465 over a 1 ml Bio Gel P-4 spin dialysis column from BioRad equilibrated with Tris-EDTA 
(TE) buffer (10 mM Tris buffer, 0.1 mM EDTA, pH 8.0). The labeled probe was further purified by electrophoresis on a 
18% polyacrylamide gel (19:1 acrylamide:B!S, BioRad) in Tris-boric acid-EDTA (TBE) buffer (89 mM Tris, 89 mM boric 

45 acid, 2.5 mM EDTA, pH 8.3) for 500 vhr. After localization by autoradiography, the portion of the gel containing the 
labeled probe was excised, crushed and eluted into 0.2 ml TE buffer overnight at4°C. TCA precipitation of the reaction 
product indicated that the specific activity was 4.9 Ci/mmole and the final concentration was 20 pmole/ml. 
[0100j The unlabeled RS10 blocking oligomer was used at a concentration of 200 pmole/ml. 

50 isolation of Human Genomic DNA from Cell Lines 

[0101] High molecular weight genomic DNA was isolated from the lymphoid cell lines Molt4, SC-1 and GM2064 using 
essentially the method of Stetler et al., PNAS (1 982), 79, 5966-5970 (for Molt4) and Maniatis et al., Molecular Cloning 
(1982), 280-281. 

55 [0102] Molt4 (Human Mutant Cell Repository, GM2219C) is a T cell line homozygous for normal p-globin, and SC- 
1 , deposited with ATCC on March 19, 1985, is an EBV-transformed B cell line homozygous for the sickle cell allele. 
GM2064 (Human Mutant Cell Repository, GM2064) was originally isolated from an individual homozygous for hereditary 
persistance of fetal hemoglobin (HPFH) and contains no beta- or delta-globin gene sequences. Ail cell lines were 
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maintained in RPMI-1640 with 10% fetal calf serum. 

Isolation of Human Genomic DNA from Clinical Blood Samples 

5 [01 03] A clinical blood sample designated CH 1 2 from a known sickle cell carrier (AS) was obtained from Dr. Bertram 
Lubin of Children's Hospital in Oakland, California. Genomic DNA was prepared from the buffy coat fraction, which is 
composed primarily of peripheral blood lymphocytes, using a modification of the procedure described by Nunberg et 
al., Proc. Nat. Acad. Sci. , 75, 5553-5556 (1978). 

[0104] The cells were resuspended in 5 ml Tris-EDTA-NaCI (TEN) buffer (10 mM Tris buffer pH 8, 1 mM EDTA, 10 
10 mM NaCI) and adjusted to 0.2 mg/ml proteinase K, 0.5% SDS, and incubated overnight at 37°C. Sodium perchlorate 
was then added to 0.7 M and the lysate gently shaken for 1-2 hours at room temperature. The lysate was extracted 
with 30 ml phenol/chloroform (1:1), then with 30 ml chloroform, and followed by ethanol precipitation of the nucleic 
acids. The pellet was resuspended in 2 ml of TE buffer and RNase A added to 0.005 mg/ml. After digestion for one 
hour at 37 °C, the DNA was extracted once each with equal volumes of phenol, phenol/chloroform, and chloroform, 
15 and ethanol precipitated. The DNA was resuspended in 0.5 ml TE buffer and the concentration was determined by 
absorbance at 260 nm. 

Polymerase Chain Reaction to Amplify Selectively 0-Globin Sequences 

20 [0105] Two micrograms of genomic DNA was amplified in an initial 100 uJ reaction volume containing 10 mM Tris 
buffer (pH 7.5), 50 mM NaCI, 1 0 mM MgCI 2> 1 50 pmole of Primer A of the sequence d-(CACAGGGCACTAACG), and 
150 pmole of Primer B of the sequence d(CTTTGCTTCTGACACA) and overlayed with about 100 uJ mineral oil to 
prevent evaporation. 

[0106] Each DNA sample underwent 15 cycles of amplification where one cycle is composed of three steps: 

25 

1) Denature in a heat block set at 95°C for two minutes. 

2) Transfer immediately to a heat block set at 30 °C for two minutes to allow primers and genomic DNA to anneal. 

3) Add 2 jllI of a solution containing 5 units of the Klenow fragment of E. coli DNA polymerase I (New England 
Biolabs), 1 nmole each of dATP, dCTP, dGTP and TTP, in a buffer composed of 1 0 mM Tris (pH 7.5), 50 mM NaCI, 

30 10 mM MgCI 2 , and 4 mM dithiothreitol. This extension reaction was allowed to proceed for 10 minutes at 30°C. 

[0107] After the final cycle, the reaction was terminated by heating at 95 °C for two minutes. The mineral oil was 
extracted with 0.2 ml of chloroform and discarded. The final reaction volume was 130uJ. 

35 Hybridization/Digestion of Amplified Genomic DNA with Probes and Ddel/Hinfl 

[0108] Forty-five microliters of the amplified genomic DNA was ethanol precipitated and resuspended in an equal 
volume of TE buffer. Ten microliters (containing the pre-amplification equivalent of 154 ng of genomic DNA) was dis- 
pensed into a 1 .5 ml Microfuge tube and 20 u.l of TE buffer to a final volume of 30 The sample was overlayed with 

40 mineral oil and denatured at 95°C for 10 minutes. Ten microliters of 0.6 M NaCI containing 0.02 pmole of labeled RS06 
probe was added to the tube, mixed gently, and immediately transferred to a 56°C heat block for one hour. Four 
microliters of unlabeled RS1 0 blocking oligomer (0.8 pmole) was added and the hybridization continued for an additional 
10 minutes at the same temperature. Five microliters of 60 mM MgCI 2 /0.1% BSA and 1 }il of Dde l (10 units, New 
England Biolabs) were added and the reannealed DNA was digested for 30 minutes at 56°C. One microliter of Hinfl 

45 (10 units, New England Biolabs) was then added and incubated for another 30 minutes. The reaction was stopped by 
the addition of 4 uJ 75 mM EDTA and 6 ul tracking dye to a final volume of 61 jil. 

[0109] The mineral oil was extracted with 0.2 ml chloroform, and 1 8 p.l of the reaction mixture (45 ng genomic DNA) 
! was loaded onto a 30% polyacrylamide mini-gel (19:1, Bio Rad) in a Hoeffer SE200 apparatus. The gel was electro- 

phoresed at approximately 300 volts for one hour until the bromphenol blue dye front migrated to 3.0 cm off-origin. 
50 The top 1 .5 cm of the gej was removed and the remaining gel was exposed for four days with one intensification screen 

at -70°C. 

Discussion of Autoradiograph (Figure 9) 

55 [0110] Each lane contains 45 ng of amplified genomic DNA. Lane A contains Molt4 DNA; Lane B, CH12; Lane C, 
SC-1; and Lane D, GM2064. Molt4 represents the genotype of a normal individual with two copies of the p A gene per 
cell (AA), CH12 is a clinical sample from a sickle cell carrier with one (3 A and one p s gene per cell (AS), and SC-1 
represents the genotype of a sickle cell individual whith two copies of the p s gene per cell (SS). GM2064, which contains 
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no beta- or delta-globin sequences, is present as a negative control. 

[01 1 1] As seen in the autoradiogram, the Dde l-cleaved, p A -specific octamer is present only in those DNA's containing 
the P A gene (Lanes A and B) and the Hinfl-cleaved, p s -specific trimer is present only in those DNA's containing the p s 
gene (Lanes B and C). The presence of both trimer and octamer (Lane B) is diagnostic for a sickle cell carrier and is 
5 distinguishable from a normal individual (Lane A) with only octamer and a sickle cell afflicted individual (Lane C) with 
only trimer. 

[01 12] As a comparison, repeating the experiment described above using non-amplified genomic DNA revealed that 
the amplification increased the sensitivity of detection by at least 1000 fold. 

10 EXAMPLE 6 

[01 1 3] This example illustrates direct detection of a totally unpurified single copy gene in whole human DNA on gels 
without the need for a labeled probe. 

[0114] Using the technique described in Example 3, a 110-bp fragment from a sequence in the first exon of the beta- 
15 globin gene was amplified from 10 micrograms of whole human DNA after 20 cycles. This 110-bp fragment produced 
after 20 cycles was easily visualized on gels stained with ethidium bromide. 

[01 1 5] The sequence was not amplified when it was first cut with the restriction enzyme Ddel unless, as in the beta- 
globin S allele, the sequence does not contain the restriction site recognized by the enzyme. 

20 EXAMPLE 7 

[0116] 

A. A total of 100 fmoles pBR328 containing a 1.9 kb insert from the human beta-globin A allele, 50 nmoles each 
25 alpha- 32P-dNTP at 500 Ci/mole, and 1 nmole of each of the primers used in Example 3 were dissolved in a solution 

containing 100 ul 30 mM Tris-acetate at pH 7.9, 60 mM sodium acetate, 100 mM dithiothreitol, and 10 mM mag- 
nesium acetate. This solution was brought to 100°C for two minutes and cooled to 25°C for one minute. A total of 
1 \i\ containing 4.5 units Klenow fregment of E. coli DNA polymerase I and 0.09 units inorganic pyrophosphatase 
was added to prevent the possible build-up of pyrophosphate in the reaction mixture, and the reaction was allowed 

30 to proceed for two minutes at 25 °C, after which the cycle of heating, cooling, adding enzyme, and reacting was 

repeated nine times. Ten-uJ aliquots were removed and added to 1 \i\ 600 mM EDTA after each synthesis cycle. 
Each was analyzed on a 14% polyacrylamide gel in 90 mM Tris-borate and 2.5 mM EDTA at pH 8.3' and 24 volts/ 
cm for 2.5 hours. The completed gel was soaked for 20 minutes in the same buffer with the addition of 0.5 ^ig/ml 
ethidium bromide, washed with the original buffer, and photographed in UV light using a red filter. 

35 The 1 1 0-bp fragment produced was excised from the gel under ultraviolet light and the incorporated 32 P count- 

ed by Cerenkov radiation. An attempt to fit the data to an equation of the form: pmoles/10 u.l = 0.01 [(1 + y) N -yN- 
1], where N represents the number of cycles and y the fractional yield per cycle, was optimal with y = 0.61 9. This 
indicates that a significant amplification is occurring. 

B. The above experiment was repeated except that 100 nmoles of each dNTP was added to a 100 \i\ reaction, no 
40 radiolabel was employed, and aliquots were not removed at each cycle. After 1 0 cycles the reaction was terminated 

by boiling for two minutes and rehybridization was performed at 57°C for one hour. The sequence of the 110-bp 
product was confirmed by subjecting 8 u.l aliquots to restriction analysis by addition of 1 ul bovine serum albumin 
(25 mg/ml) and 1 ul of the appropriate restriction enzyme (Hinfl, Mn ll, Mst ll, Nco l) and by reaction at 37°C for 15 
hours. PAGE was performed as described above. 

45 

EXAMPLE 8 

[0117] This example illustrates the use of different primers to amplify various fragment of pBR328 and 322. 

so A. The experiment described in Example 7A was repeated except using the following primers: d-(TTTGCTTCT- 

GACACAACTGTGTTCACTAGC) and d(GCCTCACCACCAACTTCATCCACGTTCACC) to produce a 1 30-bp frag- 
ment of pBR328. 

B. The experiment described in Example 7A was repeated except using the following primers: d-(GGTT- 
GGCCAATCTACTCCCAGG) and d(TGGTCTCCTTAAACCTGTCTTG) to produce a 262-bp fragment of pBR328. 

55 The reaction time was 20 minutes per cycle. 

C. The experiment described in Example 8B was repeated except that 100 fmoles of an Mstll digest of pBR328 
containing a 1.9 kb insert from the human beta-globin S allele was used as initial template. This plasmid was 
cleaved several times by Mstll but not inside the sequence to be amplified. In addition, the primers employed were 
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as follows: 

d(GGTTGGCCAATCTACTCCCAGG) 

5 

and 

d ( TAACCTTGATACCAACCTGCCC ) 

10 

to produce a 240-bp fragment. 

D. The experiment described in Example 7B was repeated except that 100 fmoles of an Nru l digest of pBR322 
was used as template, 200 nmoles of each dNTP were used in the 100 u.l reaction, and the primers were: 

15 

d(TAGGCGTATCACGAGGCCCT) 

and 

20 

d(CTTCCCCATCGGTGATGTCG) 

to produce a 500-bp fragment from pBR322. Reaction times were 20 minutes per cycle at 37 °C. Final rehybridi- 
25 zation was 15 hours at 57 °C. Electrophoresis was on a 4% agarose gel. 

EXAMPLE 9 

[0118] This example illustrates the invention process wherein an in vitro mutation is introduced into the amplified 
30 segment. 

A. A total of 100 fmoles of pBR322 linearized with Nrul, 1 nmole each of the primers: 

35 d ( CGCATTAAAGCTTATCGATG) 

and 

40 d ( TAGGCGTATCACGAGGCCCT) 

designed to produce a 75-bp fragment, 100 nmole each dNTP, in 100 uJ 40 mM Tris at pH 8, 20 mM in MgCI 2 , 5 
mM in dithiothreitol, and 5 mg/ml bovine serum albumin were combined. The mixture was brought to 100 °C for 
one minute, cooled for 0.5 minutes in a water bath at 23 °C, whereupon 4.5 units Klenow fragment and 0.09 units 
45 inorganic pyrophosphatase were added, and a reaction was allowed to proceed for three minutes. The cycle of 

heating, cooling, adding enzymes, and reacting was repeated nine times. The tenth reaction cycle was terminated 
by freezing and an 8-u.l aliquot of the reaction mixture was applied to a 4% agarose gel visualized with ethidium 
bromide. 

B. The experiment described in Example 9A was repeated except that the oligonucleotide primers employed were: 

50 

d ( CGCATTAAAGCTTATCGATG) 

and 

55 

d(AATTAATACGACTCACTATAGGGAGATAGGCGTATCACGAGGCCCT) . 
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These primers are designed to produce a 101-bp fragment, 26 nucleotides of which (in the second listed primer) 
are not present in pBR322. These nucleotides represent the sequence of the T7 promoter, which was appended 
to the 75-bp sequence from pBR322 by using the primer with 20 complementary bases and a 26-base 5' extension. 
The procedure required less than two hours and produced two picomoles of the relatively pure 101-bp fragment 
5 from 100 fmoles of pBR322. 

The T7 promoter can be used to initiate RNA transcription. T7 polymerase may be added to the 101-bp frag- 
ment to produce single-stranded RNA. 

C. The experiment described in Example 8D was repeated except that the oligonucleotide primers employed were 
as follows: 

10 

d(TAGGCGTATCACGAGGCCCT) 

and 

15 

d ( CC AGCAAGACGTAGCCC AGC ) 

20 to produce a 1000-bp fragment from pBR322. 

D. The experiment described in Example 9C was repeated except that the oligonucleotide primers employed were 
as follows: 

25 d (TAGGCGTATCACGAGGCCCT) 

and 

30 d(AATTAATACGACTCACTATAGGGAGATAGGCGTATCACGAGGCCCT) 

so as to produce a 1026-bp fragment, 26 nucleotides of which (in the second listed primer) are not present in 
pBR322 and represent the T7 promoter described above. The promoter has been inserted adjacent to a 1000-bp 
fragment from pBR322. 

35 The results indicate that a primer which is not a perfect match to the template sequence but which is none- 

theless able to hybridize sufficiently to be enzymatically extended produces a long product which contains the 
sequence of the primer rather than the corresponding sequence of the original template. The long product serves 
as a template for the second primer to introduce an in vitro mutation. In further cycles this mutation is amplified 
with an undiminished efficiency, because no further mispaired primings are required. In this case, a primer which 

40 carries a non-complementary extension on its 5' end was used to insert a new sequence in the product adjacent 

to the template sequence being copied. 

E. Because the reaction with polymerase generates pyrophosphate and is theoretically reversible (Kornberg, A., 
DNA Replication, W. H. Freeman, San Francisco, 1980), the effect of including an inorganic pyrophosphatase to 
avoid potential pyrophosphorolysis of the product was examined. Qualitative polyacrylamide gel electrophoresis 

45 examination of reactions plus and minus pyrophosphatase demonstrated a minor but significant increase in ho- 

mogeneity of product as a result of the inclusion of this enzyme. 

EXAMPLE 10 

50 [01 1 9] This example illustrates employing nested sets of primers to decrease the background in the amplification of 
single copy genes. 

[0120] Whole human DNA homozygous for the wild-type betaglobin allele was subjected to twenty cycles of ampli- 
fication as follows: A total of 10 fig DNA, 200 picomoles each of the primers: 

55 

d ( ACACAACTGTGTTCACTAGC ) 

and 
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d (CAACTTCATCCACGTTCACC) 



and 100 nanomoles each dNTP in 100 ^il of 30 mM Tris-acetate pH 7.9, 60 mM sodium acetate, 10 mM dithiothreitol, 
5 and 1 0 mM magnesium acetate were heated to 1 00°C for one minute, cooled to 25°C for one minute, and treated with 
2 units Klenow fragment for two minutes. The cycle of heating, cooling and adding Klenow was repeated 19 times. A 
ten-ul aliquot was removed from the reaction mixture and subjected to a further ten cycles of amplification using each 
of the primers: 



20 which amplify a 58-bp fragment contained within the 110-bp fragment produced above. This final ten cycles of ampli- 
fication was accomplished by diluting the 10-u.l aliquot into 90 u. of the fresh Tris-acetate buffer described above con- 
taining 1 00 nanomoles each dNTP and 200 pmoles of each primer. Reaction conditions were as above. After ten cycles 
a 10-uJ aliquot (corresponding to 100 nanograms of the original DNA) was applied to a 6% NuSieve (FMC Corp.) 
agarose gel and visualized using ethidium bromide. 

25 [0121] Figure 10 illustrates this gel illuminated with U V light and photographed through a red filter as is known in the 
art. Lane 1 is molecular weight markers. Lane 2 is an aliquot of the reaction described above. Lane 3 is an aliquot of 
a reaction identical to that described above, except that the original wild-type DNA was cleaved with Dde l prior to 
amplification. Lane 4 is an aliquot of a reaction identical to that described above, except that human DNA homozygous 
for the sickle betaglobin allele was treated with Dde l prior to amplification (the sickle allele does not contain a Dde l site 

30 in the fragment being amplified here). Lane 5 is an aliquot of a reaction identical to that described above, except that 
salmon sperm DNA was substituted for human DNA. Lane 6 is an aliquot of a reaction identical to that described above, 
except that the aliquot was treated with Ddel after amplification (Dde l should convert the 58-bp wild-type product into 
27-and 31-bp fragments). Lane 7 is an aliquot of the Lane 4 material treated with Ddel after amplification (the 58-bp 
sickle product contains no Ddel site). 

35 [0122] Detection of a 58-bp fragment representative of a single-copy gene from one microgram of human DNA using 
only ethidium bromide staining of an agarose gel requires an amplification of about 500,000-fold. This was accom- 
plished by using the two nested sets of oligonucleotide primers herein. The first set amplifies the 1 1 0-bp fragment and 
the inner nested set amplifies a sub-fragment of this product up to the level of convenient detection shown in Figure 
10. This procedure of using primers amplifying a smaller sequence contained within the sequence being amplified in 

40 the previous amplification process and contained in the extension products of the other primers allows one to distinguish 
the wild-type from the sickle allele at the betaglobin locus without resorting to either radioisotopic or otherwise cum- 
bersome methodology such as that of Conner et al., PNAS (USA), 80:278 (1983) and Leary et al., PNAS (USA), 80: 
4045(1983). 

45 EXAMPLE 11 

[0123] The present process is expected to be useful in detecting, in a patient DNA sample, a specific sequence 
associated with an infectious disease such as, e.g., Chlamydia using a biotinylated hybridization probe spanning the 
desired amplified sequence and using the process described in U.S. 4,358,535, supra . The biotinylated hybridization 
so probe may be prepared by intercalation and irradiation of a partially double-stranded DNA with a 4-methyIene substi- 
tuted 4,5'-8-trimethylpsoralen attached to biotin via a spacer arm of the formula: 



10 



d(CAGACACCATGGTGCACCTGACTCCTG) 



and 



15 



d(CCCCACAGGGCAGTAACGGCAGACTTCTCC) , 



55 



t 
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where R is -H or a -CHO group, R" is -H, x is a number from 1 to 4, and y is a number from 2 to 4, as described by EP 
156,287. Detection of the biotinyl groups on the probe may be accomplished using a streptavidin-acid phosphatase 
complex commercially obtainable from Enzo Biochemical using the detection procedures suggested by the manufac- 
turer in its brochure. The hybridized probe is seen as a spot of precipitated stain due to the binding of the detection 
complex, and the subsequent reaction catalyzed by acid phosphatase, which produces a precipitable dye. 

EXAMPLE 12 

[0124] This example illustrates the use of the process herein to prepare the TNF gene of 494 base pairs starting 
from two oligonucleotides of 74 base pairs each. 

PRIMERS 

[0125] The primers employed were prepared by the method described in Example 2 and are identified below, each 
being 74 mers. 



(TN10) 5'-CCTCGTCTACTCCCAGGTCCTCTTCAAGGGCCAAG6CT6CCCCGACTAT6TGCTCCTCA- 
CCCACACCGTCAGCC-3' 



(TN11) 5* -GGCAGGGGCTCTTGACGGCAGAGAGGAGGTTGACCTTCTCCTGGTAGGAGATGGCGAAG- 
CGGCTGACGGTGTGG-3' 



( LL09) 5 ' -CCTGGCCAATGGCATGGATCTGAAAGATAACCAGCTGGTGGTGCCAGCAGATGGCCT6T- 
ACCTCGTCTACTCCC-3' 



(LL12) S'-CTCCCTGATAGATGGGCTCATACCAGGGCTTGAGCTCAGCCCCCTCTGGGGTGTCCTTC- 
GGGCAGGGGCTCTTG-3' 



(TN08) 5' -TGTAGCAAACCATCAAGTTGAGGAGCAGCTCGAGTGGCTGAGCCAGCGGGCCAATGCCC- 
TCCTGGCCAATGGCA-3' 



(TNI 3) 5' -GATACTTGGGCAGATTGACCTCAGCGCTGAGTTGGTCACCCTTCTCCAGCTGGAAGACC- 
CCTCCCTGATAGATG-3' 



(LL07) 5' -CCTTAAGCTTATGCTCAGATCATCTTCTCAAAACTCGAGTGACAAGCCTGTAGCCCATG- 
TTGTAGCAAACCATC-3' 



(TN14) 5' -GCTCGGATCCTTACAGGGCAATGACTCCAAAGTAGAGCTGCCCAGACTCGGCAAAGTCG- 
AGATAC TTGGGCAGA- 3 ' 
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OVERALL PROCEDURE 
[0126] 

I. Ten cycles of the protocol indicated below were carried out using primers TN10 and TN11, which interact as 
shown in the diagram below, step (a). 

II. A total of 2 \i\ of the reaction mixture from Part I above was added to the primers LL09 and LL12. The protocol 
described below was carried out for 1 5 cycles, so that the primers would interact with the product of Part I as shown 
in the diagram below, step (b). 

III. A total of 2 ^il of the reaction mixture from Part II above was added to the primers TN08 and TN13. The protocol 
described below was carried out for 15 cycles, so that the primers would interact with the product of Part II as 
shown in the diagram below, step (c). 

IV. A total of 2 \i\ of the reaction mixture from Part III above was added to the primers LL07 and LL14. The protocol 
described below was carried out for 15 cycles, so that the primers would interact with the product of Part III as 
shown in the diagram below, step (d). 

PROTOCOL 

[0127] Each reaction contained 100 u.1 of : 

2 mM of each of dATP, dCTP, DGTP and TTP 

3 jiM of each of the primers used at that step 

1 x polymerase buffer, (30 mM Tris-acetate, 60 mM Na-acetate, 10 mM Mg-acetate, 2.5 mM dithiothreitol) 
[0128] Each cycle constituted: 

1) 1 min. in boiling water 

2) 1 min. cooling at room temperature 

3) add 1 ul (5 units) of the Klenow fragment of DNA polymerase 

4) allow the polymerization reaction to proceed for 2 min. For the next cycle start again at step 1. 



DIAGRAM 



[0129] 



a) 



5' TN10 




5* TN11 



xxxxxxx 



product from Part I 



xxxxxxxxxx* 
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b) 

5' LL09 > 

xxxxxxxxxx< 5' TN11 

5'TNIO xxxxxxxxxx 

{ 5' LL12 



i 



5' LL09 ^ xxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxx i 5 1 TN11 

-intermediate state + 

r 

5' TN10 ^ xxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxx *5' LL12 

only the sequence between 5 1 of 
LL09 and 5' of 1112 will be full 
length. The strands that con- 
tain TN10 and mi have non- 
^ growing 5 1 ends. Thus... 

5 1 LL09 ^xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxx < 5 1 LL12 

This is the product of Part II 



) 

5'TN08 > 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxx * 5' LL12 

♦ 

5* LL09 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

< 5* TN13 

same intermediate schema as (b) 



i' 



5'TN08 ^xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx^ -5' TNI 3 

This is the product from Part III 
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10 



d) 

5' LL07 



xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx< — 5* TH13 



5 1 TN08 ^xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 



5' TN14 

same intermediate schema as (b) and (c) 

5* LL07 V 
- — :Jxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx< ■ 

5' TN14 

15 {TNF 9ene) 

[0130] The cell NneSC-1 (CTCC #0082) was deposited on March 19, 1985 with the American Type Culture Collection 
(ATCC), 12301 Parklawn Drive, Rockville, Maryland 20852 USA, with ATCC Accession No. CRL#8756. 
20 [0131] In summary, the present invention is seen to provide a process for amplifying one or more specific nucleic 
acid sequences using a chain reaction in which primer extension products are produced which can subsequently act 
as templates forfurther primer extension reactions. The process is especially useful in detecting nucleic acid sequences 
which are initially present in only very small amounts. 

[01 32] It will be appreciated that the process of the present invention may be used for the amplification of any desired 
25 nucleic acid sequence. Examples of such sequences include human HLA, DQ, DR or DP-a and -(} genes, N-ras on- 
cogenes and TNF genes, or part or modified sequences thereof (e.g. using selected deletions or substitutions). 



Claims 

30 

1. A process for exponentially amplifying at least one specific double-stranded nucleic acid sequence contained in 
a nucleic acid or a mixture of nucleic acids, wherein each nucleic acid consists of two complementary strands, of 
equal or unequal length, and wherein the sequence to be amplified is contained within a larger sequence which 
process comprises: 

35 

(a) treating the strands with a molar excess of two oligonucleotide primers, one for each of the strands, under 
hybridizing conditions and in the presence of an inducing agent for polymerization and the different nucleotides, 
such that for each strand an extension product of the respective primer is synthesized which is complementary 
to the nucleic acid strand, wherein said primers are selected so that each is substantially complementary to 

40 one end of the sequence to be amplified on one of the strands such that an extension product can be synthe- 

sized from one primer which, when it is separated from its complement, can serve as a template for synthesis 
of an extension product of the other primer; 

(b) separating the primer extension products from the templates on which they were synthesized to produce 
single-stranded molecules; 

45 (c) treating the single-stranded molecules generated from step (b) with the primers of step (a) under hybridizing 

conditions and in the presence of an inducing agent for polymerisation and the different nucleotides such that 
a primer extension product is synthesized using each of the single-strands produced in step (b) as a template; 
and, if desired, I 
(d) repeating steps (b) and (c) at least once; whereby the amount of the sequence to be amplified increases 

so exponentially relative to the number of steps in which primer extension products are synthesized. 

2. A process for exponentially amplifying at least one specific double-stranded nucleic add sequence contained in a 
nucleic acid or a mixture of nucleic acids wherein each nucleic acid consists of two complementary strands, of 
equal or unequal length, which process comprises: 

55 

(a) treating the strands with a molar excess of two oligonucleotide primers, one for each of the strands, under 
hybridizing conditions and in the presence of an inducing agent for polymerization and the different nucleotides, 
such that for each strand an extension product of the respective primer is synthesized which is complementary 
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to the nucleic acid strand, wherein said primers are selected so that each is substantially complementary to 
one end of the sequence to be amplified on one of the strands such that an extension product can be synthe- 
sized from one primer which, when it is separated from its complement, can serve as a template for synthesis 
of an extension product of the other primer; 
5 (b) separating the primer extension products from the templates on which they were synthesized to produce 

single-stranded molecules; 

(c) treating the single-stranded molecules generated from step (b) with the primers of step (a) under hybridizing 
conditions and in the presence of an inducing agent for polymerisation and the different nucleotides such that 
a primer extension product is synthesized using each of the single-strands produced in step (b) as a template; 

10 and 

(d) repeating steps (b) and (c) at least three times; whereby the amount of the sequence to be amplified 
increases exponentially relative to the number of steps in which primer extension products are synthesized. 

3. A process according to claim 2 wherein the sequence to be amplified is contained within a larger sequence. 

15 

4. A process according to claim 1 or 3 wherein (assuming 100% efficiency) after n steps in which primer extension 
products have been synthesized the amount of the sequence to be amplified which has been synthesized is 2 n - 
n-1 times greater than the starting amount thereof. 

20 5. A process according to any one of claims 1 to 4 wherein step (b) is accomplished by denaturing or by using the 
enzyme helicase. 

6. A process according to any one of claims 1 to 5 wherein steps (a) and (c) are accomplished using an inducing 
agent for polymerization selected from E. coli DNA polymerase I, T4 DNA polymerase, a heat-stable enzyme, or 

25 reverse transcriptase. 

7. A process according to any one of claims 1 to 6 wherein the two primers in steps (a) and (c) are each present in 
a molar ratio of at least about 1000:1 primencomplementary strand. 

30 8. A process according to any one of claims 1 to 7 wherein the number of steps effected in which primer extension 
products are synthesized is at least ten. 

9. A process according to any one of claims 8 to wherein the sequence to be amplified is DNA and the primers are 
oligodeoxyribonucleotides. 

35 

10. A process according to any one of claims 1 to 8 wherein the sequence to be amplified is genomic DNA. 

11. A process according to any one of claims 1 to 8 wherein the double-stranded nucleic acid sequence is composed 
of one strand of messenger RNA (mRNA) and one strand of DNA complementary to the mRNA. 

40 

12. A process according to any one of claims 1 to 8 wherein a single-stranded nucleic add containing a sequence to 
be amplified is first treated with an oligonucleotide primer substantially complementary to an end of said sequence, 
an agent for polymerization, and the different nucleotides, to obtain an extension product of the primer comple- 
mentary to the single-stranded nucleic acid and thereby both to provide a nucleic acid consisting of two strands 

45 and to permit amplification of said single^stranded sequence via exponential amplification of said nucleic acid 

consisting of two strands by said process according to any one of claims 1 to 8. 

13. A process according to any one of claims 1 to 8 wherein the sequence to be ampl|fied is contained in a mixture of 
nucleic acids which mixture is the product of a previous amplification process carried out in accordance with any 

so one of claims 1 to 12. 

14. A process according to claim 13 wherein the primers employed are different from the primers employed in the 
previous amplification process. 

55 15. A process according to any one of claims 1 to 14 wherein one primer contains at least one nucleotide which is not 
complementary to its respective strand. 

16. A process according to anyone of claims 1 to 15 wherein the ratio of primer to template is usually about 10^:1 . 
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17. A process according to any one of claims 1 to 16 wherein one primer includes a sequence encoding a promoter. 

18. The use of a pair of oligonucleotide primers for the exponential amplification of a pre-selected specific nucleic acid 
sequence by a process as defined in any one of claims 1 to 17 and wherein either:- 

5 

(a) the specific nucleic acid sequence to be amplified is single-stranded and one primer is substantially com- 
plementary to the strand so that an extension product of said one primer is complementary to said strand and 
the other primer is such that it can be used to synthesize another extension product employing the extension 
product of said one primer as a template thereby providing a nucleic acid consisting of two strands; or 
10 (b) the specific nucleic acid sequence to be amplified is double-stranded and the primers are such that an 

extension product of one primer is substantially complementary to one of the two strands and an extension 
product of the other primer is substantially complementary to the other strand such that the extension product 
synthesized from said one primer, when separated from its complement, can serve as a template for synthesis 
of the extension product of the other primer. 

15 

19. The use of claim 18 also involving an inducing agent for polymerisation and/or the different nucleotides. 
Patentanspruche 

20 

1. Verfahren zur exponentiellen Amplifikation von mindestens einer spezifischen doppelstrangigen Nucleinsaurese- 
quenz, die in einer Nucleinsaure oder in einem Nucleinsauregemisch enthalten ist, wobei jede Nucleinsaure aus 
zwei komplementaren Strangen gleicher oder ungleicher Lange besteht und wobei die zu amplifizierende Sequenz 
in einer grblieren Sequenz enthalten ist, wobei das Verfahren die nachfolgenden Schritte umfasst: 

25 

(a) Behandeln der Strange mit einem molaren Uberschuss zweier Oligonucleotid-Primer, einer fur jeden der 
Strange, unter Hybridisierungsbedingungen und in Gegenwart eines induzierenden Agens fur die Polymeri- 
sation und der verschiedenen Nucleotide, so dass fur jeden Strang ein zum Nucleinsaurestrang komplemen- 
tares Verlangerungsprodukt des betreffenden Primers synthetisiert wird, wobei die Primer so ausgewahlt sind, 

30 dass jeder im Wesentlichen komplementar zu einem Ende der zu amplifizierenden Sequenz auf einem der 

Strange ist, so dass ein Verlangerungsprodukt von einem Primer synthetisiert werden kann, das, wenn es von 
seinem Komplement getrennt ist, als Matrize zur Synthese eines Verlangerungsproduktes des anderen Pri- 
mers dienen kann; 

(b) Trennen der Primer- Verlangerungsprodukte von den Matrizen, an denen sie synthetisiert worden waren, 
35 urn einzelstrangige Molekule zu produzieren; 

(c) Behandeln der in Schritt (b) erzeugten einzelstrangigen Molekule mit den Primern von Schritt (a) unter 
Hybridisierungsbedingungen und in Gegenwart eines induzierenden Agens fur die Polymerisation und der 
verschiedenen Nucleotide, so dass ein Primer-Verlangerungsprodukt unter Verwendung aller in Schritt (b) 
produzierten Einzelstrange als Matrize synthetisiert wird; und, wenn gewunscht, 

40 (d) ein mindestens einmaliges Wiederholen der Schritte (b) und (c), wobei die Menge der zu amplifizierenden 

Sequenz relativ zu der Anzahl der Schritte, in denen die Primer- Verlangerungsprodukte synthetisiert werden, 
exponentiell zunimmt. 

2. Verfahren zur exponentiellen Amplifikation von mindestens einer spezifischen doppelstrangigen Nucleinsaurese- 
45 quenz, die in einer Nucleinsaure oder in einem Nucleinsauregemisch enthalten ist, wobei jede Nucleinsaure aus 

zwei komplementaren Strangen gleicher oder ungleicher Lange besteht, wobei das Verfahren die nachfolgenden 
Schritte umfasst: 

I 

(a) Behandeln der Strange mit einem molaren Uberschuss zweier Oligonucleotid-Primer, einer fur jeden der 
so Strange, unter Hybridisierungsbedingungen und in Gegenwart eines induzierenden Agens fur die Polymeri- 
sation und der verschiedenen Nucleotide, so dass fur jeden Strang ein zum Nucleinsaurestrang komplemen- 
tares Verlangerungsprodukt des betreffenden Primers synthetisiert wird, wobei die Primer so ausgewahlt sind, 
dass jeder im Wesentlichen komplementar zu einem Ende der zu amplifizierenden Sequenz auf einem der 
Strange ist, so dass ein Verlangerungsprodukt von einem Primer synthetisiert werden kann, das, wenn es von 

55 seinem Komplement getrennt ist, als Matrize zur Synthese eines Verlangerungsproduktes des anderen Pri- 

mers dienen kann; 

(b) Trennen der Primer-Verlangerungsprodukte von den Matrizen, an denen sie synthetisiert worden waren, 
urn einzelstrangige Molekule zu produzieren; 
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(c) Behandeln der in Schritt (b) erzeugten einzelstrangigen Molekule mit den Primern von Schritt (a) unter 
Hybridisierungsbedingungen und in Gegenwart eines induzierenden Agens fur die Polymerisation und der 
verschiedenen Nucleotide, so dass ein Primer-Verlangerungsprodukt unter Verwendung aller in Schritt (b) 
produzierten Einzelstrange als Matrize synthetisiert wird; und 
5 (d) ein mindestens dreimaliges Wiederholen der Schritte (b) und (c), wobei die Menge der zu amplifizierenden 

Sequenz relativ zu der Anzahl der Schritte, in denen die Primer-Verlangerungsprodukte synthetisiert werden, 
exponentiell zunimmt. 

3. Verfahren nach Anspruch 2, wobei die zu amplifizierende Sequenz in einer grofteren Sequenz enthalten ist. 

10 

4. Verfahren nach einem der Anspruche 1 bis 3, wobei (unter Annahme einer 1 00%igen Ausbeute) nach n Schritten, 
in denen Primer-Verlangerungsprodukte synthetisiert worden sind, die synthetisierte Menge der zu amplifizieren- 
den Sequenz 2 n -n-1 mal grofier als deren Ausgangsmenge ist. 

15 5. Verfahren nach einem der Anspruche 1 bis 4, wobei Schritt (b) durch Denaturieren oder durch Verwenden des 
Enzyms Helicase ausgefuhrt wird. 

6. Verfahren nach einem der Anspruche 1 bis 5, wobei die Schritte (a) und (c) ausgefuhrt werden durch Verwenden 
eines induzierenden Agens fur die Polymerisation, das aus E. coli -DNA-Potymerase 1, T4-DNA-Polymerase, ei- 

20 nem hitze-stabilen Enzym oder Reverser Transkriptase ausgewahlt ist. 

7. Verfahren nach einem der Anspruche 1 bis 6, wobei die beiden Primer in den Schritten (a) und (c) jeweils in einem 
molaren Verhaltnis von mindestens ungefahr 1000:1 Primenkomplementarer Strang vorhanden sind. 

25 8. Verfahren nach einem der Anspruche 1 bis 7, wobei die Anzahl der vorgenommenen Schritte, in denen Primer- 
Verlangerungsprodukte synthetisiert werden, mindestens zehn betragt. 

9. Verfahren nach einem der Anspruche 1 bis 8, wobei die zu amplifizierende Sequenz DNA ist, und die Primer 
Oligodesoxyribonucleotide sind. 

30 

10. Verfahren nach einem der Anspruche 1 bis 8, wobei die zu amplifizierende Sequenz genomische DNA ist. 

11. Verfahren nach einem der Anspruche 1 bis 8, wobei die doppelstrangige Nucleinsauresequenz sich aus einem 
Strang von Boten-RNA (messenger RNA, mRNA) und einem zur mRNA komplementaren DNA-Strang zusam- 

35 mensetzt. 

12. Verfahren nach einem der Anspruche 1 bis 8, wobei eine einzelstrangige Nucleinsaure, dieeinezu amplifizierende 
Sequenz enthalt, zuerst mit einem Oligonucleotid-Primer, der zu einem Ende der Sequenz im Wesentlichen kom- 
plementar ist, einem Agens fur die Polymerisation und den verschiedenen Nucleotiden behandelt wird, urn ein zur 

40 einzelstrangigen Nucleinsaure komplemen tares Verlangerungsprodukt des Primers zu erhalten, und dadurch so- 

wohl eine aus zwei Strangen bestehende Nucleinsaure bereitzustellen als auch die Amplication der genannten 
einzelstrangigen Sequenz uber exponentielle Amplifikation der aus zwei Strangen bestehenden Nucleinsaure 
durch ein Verfahren nach einem der Anspruche 1 bis 8 zu erlauben. 

45 13. Verfahren nach einem der Anspruche 1 bis 8, wobei die zu amplifizierende Sequenz in einem Gemisch von Nu- 
cleinsauren enthalten ist, wobei das Gemisch das Produkt eines vorherigen nach einem der Anspruche 1 bis 12 
ausgefiihrten Amplifikationsvertahrens ist. 

14. Verfahren nach Anspruch 13, wobei die verwendeten Primer verschieden von den im vorangehenden Amplifika- 
50 tionsverfahren verwendeten Primern sind. 

1 5. Verfahren nach einem der Anspruche 1 bis 14, wobei ein Primer mindestens ein Nucleotid enthalt, das zu seinem 
entsprechenden Strang nicht komplementar ist. 

55 16. Verfahren nach einem der Anspruche 1 bis 15, wobei das Verhaltnis Primer zu Matrize ublicherweise ungefahr 
10 6 :1 ist. 

17. Verfahren nach einem der Anspruche 1 bis 16, wobei ein Primer eine einen Promotor codierende Sequenz enthalt. 
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18. Verwendung einesOligonucleotid-PrimerpaaresfurdieexponentlelleAmplifikationeinervorherausgewahltenspe- 
zifischen Nucleinsauresequenz in einem Verfahren, wie es in einem der Anspruche 1 bis .17 definiert ist, und wobei 



(a) die zu ampliftzierende spezifische Nucleinsauresequenz einzelstrangig und ein Primer im Wesentlichen 
komplementar zu dem Strang ist, so dass ein Verlangerungsprodukt des einen Primers zu dem Strang kom- 
plementar ist, und der andere Primer so beschaffen ist, dass man ihn zur Synthese eines anderen Verlange- 
rungsprodukts unter Verwendung des Verlangerungsproduktes des ersten Primers als Matrize verwenden 
kann, wodurch eine aus zwei Strangen bestehende Nucleinsaure bereitgestellt wird; oder 

(b) die zu amplifizierende spezifische Nucleinsauresequenz doppelstrangig und die Primer so beschaffen sind, 
dass ein Verlangerungsprodukt des einen Primers im Wesentlichen komplementar zu einem der beiden Stran- 
ge und ein Verlangerungsprodukt des anderen Primers im Wesentlichen komplementar zum anderen Strang 
ist, so dass ein von einem Primer synthetisiertes Verlangerungsprodukt, wenn es von seinem Komplement 
getrennt wird, als Matrize fur die Synthese des Verlangerungsproduktes des anderen Primers dienen kann. 

19. Verwendung nach Anspruch 18, zusatzlich ein induzierendes Agens fur die Polymerisation und/oder die verschie- 
denen Nucleotide einbeziehend. 



Revendications 

1 . Procede pour I'amplification exponentielle d'au moins une sequence specifique d'acide nucleique bicatenaire con- 
tenue dans un acide nucleique ou un melange d'acides nucleiques dans lequel chaque acide nucleique est cons- 
titue de deux brins complementaires de longueur egale ou inegale et dans lequel la sequence a amplifier est 
contenue dans une sequence plus grande, lequel procede comprend: 

(a) le traitement des brins par un exces molaire de deux amorces oligonucleotidiques, une pour chacun des 
brins, dans des conditions d'hybridation et en presence d'un agent inducteur de polymerisation et des differents 
nucleotides, de maniere a synthetiser pour chaque brin un produit d'extension de I'amorce respective, qui est 
complementaire du brin d'acide nucleique, lesdites amorces etant choisies de maniere que chacune soit pra- 
tiquement complementaire d'une extremite de la sequence a amplifier sur Tun des brins, de sorte que peut 
etre synthetise a partir d'une amorce un produit d'extension qui, lorsqu'il est separe de son complement, peut 
servir de matrice pour la synthese d'un produit d'extension de I'autre amorce; 

(b) la separation des produits d'extension d'amorce d'avec les matrices sur lesquelles ils ont ete synthases, 
pour la production de molecules monocatenaires; 

(c) le traitement des molecules monocatenaires provenant de I'etape (b) par les amorces de I'etape (a), dans 
des conditions d'hybridation et en presence d'un agent inducteur de polymerisation et des differents nucleo- 
tides, de maniere a synthetiser un produit d'extension d'amorce en utilisant comme matrice chacun des mo- 
nobrins produits dans I'etape (b); et, si on le desire, 

(d) la repetition au moins une fois des etapes (b) et (c); la quantite de la sequence a amplifier augmentant 
exponentiellement en fonction du nombre d'etapes dans lesquelles sont synthetises des produits d'extension 
d'amorce. 

2. Procede pour {'amplification exponentielle d'au moins une sequence specifique d'acide nucleique bicatenaire con- 
tenue dans un acide nucleique ou un melange d'acides nucleiques dans lequel chaque acide nucleique est cons- 
titue de deux brins complementaires de longueur egale ou inegale, lequel procede comprend: 



(a) le traitement des brins par un exces rpolaire de deux amorces oligonucleotidiques, une pour chacun des 
brins, dans des conditions d'hybridation et en presence d'un agent inducteur de polymerisation et des differents 
nucleotides, de maniere a synthetiser pour chaque brin un produit d'extension de I'amorce respective, qui est 
complementaire du brin d'acide nucleique, lesdites amorces etant choisies de maniere que chacune soit pra- 
tiquement complementaire d'une extremite de la sequence a amplifier sur I'un des brins, de sorte que peut 
etre synthetise a partir d'une amorce un produit d'extension qui, lorsqu'il est separe de son complement, peut 
servir de matrice pour la synthese d'un produit d'extension de I'autre amorce; 

(b) la separation des produits d'extension d'amorce d'avec les matrices sur lesquelles ils ont ete synthetises, 
pour la production de molecules monocatenaires; 

(c) le traitement des molecules monocatenaires provenant de I'Stape (b) par les amorces de I'etape (a), dans 
des conditions d'hybridation et en presence d'un agent inducteur de polymerisation et des differents nucleo- 



entweder: 
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tides, de maniere a synthetiser un produit d'extension d'amorce en utilisant cornme matrice chacun des mo- 
nobrins produits dans I'etape (b); et 

(d) la repetition au moins trois fois des etapes (b) et (c); la quantite de la sequence a amplifier augmentant 
exponentieltement en fonction du nombre d'etapes dans lesquelles sont synthetises des produits d'extension 
5 d'amorce. 

3. Procede selon la revendication 2, dans lequel la sequence a amplifier est contenue dans une sequence plus 
grande. 

10 4. Procede selon I'une des revendications 1 a 3, dans lequel (en supposant un rendement de 100 %) apres n etapes 
dans lesquelles ont ete synthetises des produits d'extension d'amorce, la quantite de la sequence a amplifier, qui 
a ete synthetisee, est 2 n -n-1 fois superieure a la quantite initiale de celle-ci. 

5. Procede selon I'une quelconque des revendications 1 a 4, dans lequel I'etape (b) est effectuee par denaturation 
15 ou au moyen de I'enzyme helicase. 

6. Procede selon I'une quelconque des revendications 1 a 5, dans lequel on effectue les etapes (a) et (c) en utilisant 
un agent inducteur de polymerisation choisi parmi I'ADN polymerase de E. coli ; I'ADN polymerase de T4, une 
enzyme thermostable ou la transcriptase inverse. 

20 

7. Procede selon I'une quelconque des revendications 1 a 6, dans lequel les deux amorces dans les etapes (a) et 
(c) sont presentes chacune en un rapport molaire amorce:brin complementaire d'au moins 1000:1 environ. 

8. Procede selon I'une quelconque des revendications 1 a 7, dans lequel le nombre des etapes effectuees dans 
25 lesquelles sont synthetises des produits d'extension d'amorce est au moins dix. 

9. Procede selon I'une quelconque des revendications 1 a 8, dans lequel la sequence a amplifier est uh ADN et les 
amorces sont des oligodesoxyribonucleotides. 

30 10. Procede selon I'une quelconque des revendications 1 a 8 dans lequel la sequence a amplifier est un ADN geno- 
mique. 

11. Procede selon I'une quelconque des revendications 1 a 8, dans lequel la sequence d'acide nucleique bicatenaire 
est composee d'un brin d'ARN messager (ARNm) et d'un brin d'ADN complementaire de I'ARNm. 

35 

12. Procede selon I'une quelconque des revendications 1 a 8, dans lequel en premier lieu on traite un acide nucleique 
monocatenaire, contenant une sequence a amplifier, par une amorce oligonucleotidique pratiquement comple- 
mentaire de I'extremite de ladite sequence, un agent de polymerisation et les differents nucleotides, pour obtenir 
un produit d'extension de Pamorce complementaire de I'acide nucleique monocatenaire et ainsi a la fois produire 

40 un acide nucleique constitue de deux brins et permettre ('amplification de ladite sequence monocatenaire par 

amplification exponentielle dudit acide nucleique constitue de deux brins, par ledit procede selon I'une quelconque 
des revendications 1 a 8. 

13. Procede selon I'une quelconque des revendications 1 a 8, dans lequel la sequence a amplifier est contenue dans 
45 un melange d'acides nucleiques, lequel melange est le produit d'un procede d'amplification precedent effectue 

selon I'une quelconque des revendications 1 a 12. 

14. Procede selon la revendication |l3, dans lequel les amorces utilisees sont differentes des amorces utilisees dans 
le procede d'amplification precedent. 

50 

15. Procede selon I'une quelconque des revendications 1 a 14, dans lequel une amorce contient au moins un nucleotide 
qui n'est pas complementaire de son brin respectif. 

16. Procede selon I'une quelconque des revendications 1 a 15, dans lequel le rapport de I'amorce a la matrice est 
55 habituellement d'environ 10 6 : 1. 

17. Procede selon I'une quelconque des revendications 1 a 16, dans lequel une amorce comprend une sequence 
codant pour un promoteur. 
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18. Utilisation d'une paire d'amorces oligonucleotidiques pour ['amplification exponentielle d'une sequence specifique 
d'acide nucleique, prealablement choisie, par un precede tel que defini dans Tune quelconque des revendications 
1 a 17 et dans lequel soit 



5 (a) la sequence specifique d'acide nucleique a amplifier est monocatenaire et une amorce est pratiquement 

complementaire du brin, de sorte qu'un produit d'extension de ladite amorce est complementaire dudit brin et 
I'autre amorce est telle qu'on peut I'utiliser pour synthetiser un autre produit d'extension en utilisant comme 
matrice le produit d'extension de ladite amorce, pour obtenir ainsi un acide nucleique constitue de deux brins ; 
soit 

10 (b) la sequence specifique d'acide nucleique a amplifier est bicatenaire et les amorces sont telles qu'un produit 

d'extension d'une amorce est pratiquement complementaire de Tun des deux brins et un produit d'extension 
de I'autre amorce est pratiquement complementaire de I'autre brin, de sorte que ie produit d'extension syn- 
thetise a partirde ladite amorce, lorsqu'il est separe de son complement, peut servir de matrice pour la synthese 
du produit d'extension de I'autre amorce. 

15 

19. Utilisation selon la revendication 18, faisant egalement intervenir un agent inducteur de polymerisation et/ou les 
differents nucleotides. 
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FIG.1 



Double-Stranded 94-bp Sequence 



TTTGC TTCTGACACA ACTGTGTTCA CTAGCAACCT 
AAACG AAGACTGTGT TGACACAAGT GATCGTTGGA 



Ncol Hinfl Mstll 

V V V 

CAAACAGACA CCATGGTGCA CCTGACTCCT GAGGAGAAGT — 

GTTTGTCTGT GGTACCACGT GGACTGAGGA CTCCTCTTCA 

Allelic base 
pair DNA 
polymorphism 



CTGCCGTTAC TGCCCTGTG 
GACGGCAATG ACGGGACAC 
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FIGL6 



CATGG TGCACC TGAC TCC TGAGGAG AAG TC TGCCG TTAC TGCCC TG TGGGGCAAGG TGAA 
GTACCACGTGGAC TGAGGAC TCC TC TTCAGACGGCAATGACGGGACACCCCGTTCCACTT 



s CA TGG TGCACC TGAC TCC TG TGGAGAAG TC TGCCG TTAC TGCCC TG TGGGGCAAGG TGAA 
GTACCACGTGGAC TGAGGACACCTCTTCAGACGGCAATGACGGGACACCCCGTTCCACTT 



Marks the mutation (A to T) 1n the sickle cell gene which disrupts 
the Odel site 
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FIG.7 
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FIG.8 



-GACTCCTGTG- 
-CTGAGGACAC- 



denature 
anneal to probe 



* — GACTCCTG G- 

CTGAGGAC C- 
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-probe 
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